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The endangered black-billed gull (Larus bulleri) is endemic to New Zealand, and is the world’s most 
threatened gull species due to suspected large population declines. These gulls primarily rely on open 
gravel beds in braided rivers of the South Island for breeding but will also nest along lakeshores and on 
beaches at river mouths. The majority of black-billed gulls are found in the Southland and Canterbury 
regions of the South Island, with about 1.6% of the population inhabiting the North Island. In 2013, the 
New Zealand threat status for the black-billed gulls was changed from ‘Threatened, Nationally 
Endangered’ to ‘Threatened, Nationally Critical’ based on estimates of recruitment failure causing 
population decline. A national count of breeding black-billed gulls across New Zealand was last 
conducted in 1995-98 and estimated 48,000 nests; however, the methodology used was unclear. 
Although management of this species is increasing, there are very little data published about their 
movements, demographics, and population status. Therefore, determining an up-to-date population 
estimate and understanding dispersal and genetic structure across the country are high priorities in the 
conservation of black-billed gulls. 
To inform future threat classification, the breeding population was re-estimated using aerial 
surveys to locate, photograph, and count breeding black-billed gulls across New Zealand in 2014-2016.  
Large spatial gaps in nest count data during 2014/15 and 2015/16 did not allow for annual variability to 
be fully taken into account across the 3 seasons, but the 2016/17 survey successfully covered the entire 
country. Ground counts of nests were conducted at 16 colonies to determine a correction factor of 0.90 
to apply to aerial photograph counts of apparently occupied nests. A total of 60,256 nests were found, 
with 33,703 nests in Southland and 20,675 nests in Canterbury. The North Island was surveyed on the 
ground and had 992 nests. Historical survey methods were reviewed, highlighting the inaccuracies of 
using nest densities or applying factors of gulls/nest to total bird counts based on photographs, as well 
as only counting individual birds on aerial photographs. Historical data likely over-estimated numbers of 
breeding birds, and the inconsistencies of previous surveys make trend analyses difficult. Key 
recommendations for future counts include: (i) carrying out ground surveys before flights to determine 
the breeding stage of birds and hence the optimal time to fly; (ii) taking high-resolution and zoomed in 
photos; (iii) carrying out ground nest counts immediately after flights to determine a correction factor; 





Both mitochondrial DNA (mtDNA control region, domain I) and single nucleotide polymorphisms 
(SNPs) of the nuclear DNA were examined to gain an understanding of dispersal and population 
structure across the country to inform management decisions. Blood samples were collected from 
chicks in colonies across New Zealand. The results from mtDNA and nuclear DNA were discordant; 
mtDNA showed no population structure with high haplotype and low nucleotide diversity, and analyses 
highlighted introgression with the closely related red-billed gulls (L. novaehollandiae scopulinus). 
Nuclear DNA analyses were indicative of two groups, with Rotorua birds in the North Island being 
distinct from the rest of New Zealand, and isolation by distance being evident in South Island 
populations. There is lower connectivity between the North Island and the South Island, and between 
the Rotorua and Wairarapa populations, than there is among the South Island populations. Gene flow 
primarily occurs between nearby colonies with a stepwise movement across the landscape. A decision 
on whether the North Island populations should be managed as a separate unit from the South Island 
needs to be considered. Since the North Island holds only 1.6% of the total population, the importance 
of these birds from a genetic perspective needs to be evaluated. South Island management should focus 
on maintaining at least several large populations within each region (i.e. Canterbury, Marlborough, West 
Coast, Otago, Southland) and across catchments to maintain dispersal and gene flow rather than 
focusing on protecting every single colony. Future studies are needed to investigate the genetic 
structure of Auckland populations at the northern limit of the gulls’ range, as well as identifying the 
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History and formation of braided rivers in New Zealand 
New Zealand and its fauna and flora present a unique phenomenon in terms of isolation, size of islands, 
and formation history (Trewick & Bland 2012). In the late Cretaceous time, about 80 million years ago, a 
large continental fragment known as Zealandia rifted from Gondwanaland (Trewick et al. 2006). 
Zealandia is mostly submerged, reaching to New Caledonia, Chatham Islands, and sub-Antarctic islands 
(Trewick et al. 2006). New Zealand is the terrestrial part of Zealandia, and was formed by tectonic plate 
boundary collisions (Trewick et al. 2006). Modern-day New Zealand has been emerged since the 
Miocene time 23 million years ago, continuing to be influenced and shaped, particularly during the last 4 
million years (Trewick et al. 2006; Trewick & Bland 2012). Convergence of the Pacific and Australian 
plate along the Alpine Fault started causing uplift at the Haast Pass 7 million years ago, and Arthur’s Pass 
5 million years ago (Kamp et al. 1989; Jiao et al. 2017). This has resulted in relatively young mountains 
with high erosion, leading to regions in which braided rivers were formed (Tockner et al. 2006). 
The tectonically active and young Southern Alps of the South Island in New Zealand have 
created a strong gradient for rainfall and landslips to form a large expanse of braided rivers (Wallis & 
Trewick 2009). These rivers flow from the mountains across the foothills to the eastern and southern 
coasts (Waters et al. 2015). For the formation of braided channels, requirements are a sediment supply, 
variable water flow, and erodible banks (Tockner et al. 2006). The type of bedrock therefore influences 
the structure of the braided rivers that is formed (Waters et al. 2015). For example, greywacke is 
present in New Zealand regions such as Southland and Canterbury, and results in the formation of gravel 
beds (Waters et al. 2015). Schist is found in the Otago region, and results in deeply cut channels (Waters 
et al. 2015). The area of habitat that is available for black-billed gulls (Larus bulleri) and other river birds 
that rely on open gravel for breeding is consequently also affected by the bedrock (O’Donnell et al. 
2016). Different river structures influence the number and type of birds that can be supported by a 
particular habitat (O’Donnell et al. 2016). 
 
Braided rivers in New Zealand 
Braided rivers have been defined in several ways, but the definitions are generally based on physical 
characteristics, such as channel morphology and flow (Gray & Harding 2007). For the purpose of this 
thesis, a braided river is one that flows across a gravel floodplain and divides into multiple shifting 
channels at some point along its length (Gray & Harding 2007). These rivers are very unstable and 
dynamic, have a high ecological value, and are productive biologically (Mosley 1982; Tockner et al. 2006; 
Tockner et al. 2010). Braided rivers contain open visible gravel bars during low flow, which become 
3 
 
submerged during high flow (Millar 2000). Floods and high flow pulses drive the braided river dynamics 
(Caruso et al. 2013). Movement of sediments with fluctuating water levels leads to disturbed habitats to 
which organisms have adapted (Sadler et al. 2004). In New Zealand, winter, late summer, and autumn 
generally have low flows whereas spring and early summer have high flows (Gray & Harding 2007). 
Water transports and deposits not only various types and sizes of sediment but also materials, such as 
driftwood (Tockner et al. 2010). New microhabitats, such as islands or backwaters, are created upon 
deposition of such material (Tockner et al. 2010). Braided rivers consist of complex large-scale 
interactions between microhabitats present in the groundwater, floodplain, channels, streams, and 
springs (Ward et al. 2002; Gray et al. 2006; Tockner et al. 2010), with hydrological movement occurring 
laterally, vertically, and longitudinally (Ward et al. 2002). 
Rivers are one of the most threatened ecosystems in the world (Tockner & Stanford 2002). 
Land-use changes have altered the interactions between microhabitats. For example, flood control and 
flow management have separated the river from the floodplain (Richards et al. 2002), and reduced the 
width of the river ecosystem to increase agricultural or urban land (Reichert et al. 2007). River migration 
and sediment turnover are important factors in ensuring a dynamic environment which not only affects 
the age structure of vegetation but also the overall habitat diversity (Richards et al. 2002; Sadler et al. 
2004). Old vegetation is destroyed by flooding and sediment movement, thereby allowing new species 
to colonize (Richards et al. 2002). Bank vegetation affects bank stability and therefore channel 
morphology, where strong vegetation reduces erosion thereby favoring meandering channels as 
opposed to braided (Millar 2000). With increased threats to rivers from channelization, gravel 
extraction, and flood control, restoration is required (Tockner et al. 2006). 
The complexity of river ecosystems influences the characteristics of the biotic communities that 
exist within the different landscape components, such as the floodplain, backwater, and springs 
(Robinson et al. 2002). A mix of terrestrial and aquatic species not only rely on riverine ecosystems, but 
also form an important feedback loop that assists in the ecosystem function (Robinson et al. 2002; 
Williams & Wiser 2004). Organisms have adapted to specific microhabitats formed by a complex set of 
environmental variables, and the adaptations also result in specializations (Rosenberg 1990; Rushton et 
al. 1994; Kneitel 2018). For example, some species rely on the succession of vegetation on islands in 
rivers as a food source as well as for shelter and breeding (Rosenberg 1990; Nilsson & Dynesius 1994; 
Figarski & Kajtoch 2015). If flow is reduced, sediment movement also decreases, thereby allowing 
woody vegetation such as willow (Salix exigua) to establish (Piégay et al. 2009). This affects the habitat 
of migratory or resident birds that rely on open areas for feeding or breeding, such as black-billed gulls 
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(Maloney et al. 1999). The biodiversity of a river is therefore dependent on the structure of the river 
including the components of adjacent ecosystems such as groundwater and tributaries (Piégay et al. 
2009). 
Wading or shorebird species that use braided rivers for some or all of their life cycle are 
common in New Zealand (Gray & Harding 2007). For example, wrybill (Anarhynchus frontalis), banded 
dotterel (Charadrius bicinctus), black stilt (Himantopus novaezelandiae), black-fronted terns (Chlidonias 
albostriatus), and black-billed gulls are all endemic birds (Gray & Harding 2007).  Since different species 
rely on aspects of the landscape at variable levels, predicting the effects of human land use on river 
birds is difficult. Maloney et al. (1997) found that black-billed gull densities were highest in low to 
moderate flow rates in the Mackenzie District rivers of the South Island, New Zealand. Wrybill and black-
fronted terns are often studied as indicator species due to their restricted habitat needs as they rely on 
rivers for both breeding and feeding (Hughey 1985; Cruz et al. 2013). The black-billed gulls are more 
opportunistic than wrybills and terns because they do not solely rely on rivers for feeding as they also 
use paddocks; however, the gulls remain an iconic species for braided rivers as the majority of the birds 
rely on them for breeding. 
 
Black-billed gulls 
Black-billed gulls are a small gull endemic to New Zealand (Higgins & Davies 1996). They are primarily a 
South Island species, but do exist in the North Island (Higgins & Davies 1996). Braided rivers are the 
main breeding sites in the South Island, but they do nest at river mouths, estuaries, lakes, reservoirs, 
and harbours (Higgins & Davies 1996). Although they prefer bare rock for breeding, they settle on a 
variety of substrates, such as shingle, sand, silica platforms, and shell banks (Higgins & Davies 1996). 
Nests are often formed around pieces of driftwood on rivers (Soper 1959), and in unvegetated areas. 
The gulls nest in very dense colonies, lay 2-3 eggs, and chicks leave the nest at about 2-4 days old to 
form a crèche (Beer 1966). The chicks usually stay along the river’s edge with a small number of adults 
protecting the entire group (Beer 1966). Besnard et al. (2006) describes five life history traits that are 
linked to crèching, mainly breeding synchronicity, short incubation, high nest density, delayed breeding 
in the season, and reduced time spent at colonies. Pair bonds have never been studied but it is assumed 
that they are monogamous (Higgins & Davies 1996). First age of breeding is between 2-4 years of age, 
and both partners of a pair share incubation and chick rearing duties (Higgins & Davies 1996). Incubation 
shifts generally last about 2 hours during the day, and one bird sits throughout the whole night (Beer 
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1965). Eggs are incubated for approximately 24 days, and chicks fledge after 4-5 weeks (Higgins & Davies 
1996). 
Black-billed gulls frequently forage over riffles on braided rivers, short tussock grasslands, and 
grey shrublands in the South Island, and feed on both aquatic and terrestrial invertebrates (Higgins & 
Davies 1996). The gulls tend to prefer ploughed farmlands, wet grass fields, and mown hay meadows, 
thereby relying on a patchy and unpredictable food source (Evans 1982). It has been suggested that 
human land modifications from forest to agriculture previously caused an increase in population to an 
artificially high level, and that numbers may be returning to a sustainable level; however, this is difficult 
to verify (McClellan 2008). The gulls do not appear to use the same site for feeding for longer than three 
days, and show a preference to feed close to the colony, on average approximately 4 kilometers, if a site 
is available (Evans 1982). They depart from colonies in small groups and feed in flocks (Evans 1982a). 
The black-billed gulls are known to desert colony sites early in the breeding season or towards the end, 
and this is likely a result of the unpredictable food supply (Evans 1982b). If a food source is lacking 
nearby the chosen colony site shortly after breeding commences, all gulls at that site abandon and move 
elsewhere as a synchronous group (Evans 1982b). Strong group adherence is more highly developed 
than site tenacity in species that nest in unstable habitats, allowing them to shift to new habitats while 
keeping the safety of large numbers (McNicholl 1975; Francesiaz et al. 2017). During winter, some 
congregate in groups along the coast while others remain in flocks inland, but movements of the gulls 
are not well known (Higgins & Davies 1996). Gurr (1967) suggested that black-bills found along the 
southern part of the North Island during the winter were birds from the South Island extending 
northwards, and that gulls found in the Firth of Thames of the North Island during the winter were 
breeders from the Rotorua and Gisborne area.  
The International Union for Conservation of Nature (IUCN) listed black-billed gulls as 
‘Vulnerable’ from 2000 to 2004, followed by ‘Endangered’ from 2005 to the present (BirdLife 
International 2016). This is based on suspected and predicted rapid declines over three generations, or 
32 years (BirdLife International 2016). However, the last census to be carried out was during 1995-97 
(Powlesland 1998); consequently, population estimates and trends are outdated. For the New Zealand 
Threat Classification System, the gulls were listed as ‘Threatened, Nationally Endangered’ in 2008 
(Miskelly et al. 2008), and this was changed to ‘Threatened, Nationally Critical’ in 2012 due to an 
ongoing or predicted population decline of >70% over three generations (Robertson et al. 2013). This 
status was maintained following the review in 2016 (Robertson et al. 2017). 
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In addition to outdated population estimates, it is also not clearly understood how black-billed 
gulls disperse across New Zealand. Banding projects have been initiated, such as around the Auckland 
region (T. Habraken, pers. comm.), Southland (cohort banding; McClellan 2008), and Marlborough (M. 
Bell, pers. comm.; pers. obs.) but data have either not been analysed or no results published. Based on 
random individual band resight records, notes from Innes et al. (1999) in Rotorua, as well as McClellan’s 
(2008) cohort banding, it appears that the gulls move between river catchments and have an island-
wide distribution, including crossing over the Cook Straight between the North and South Islands (M. 
Bell, pers. comm.; pers. obs.). It is, however, unclear if there are distinct sub-populations of birds in 
regions where they do not mix with others, or if all birds are related on a national scale. Research is 
needed on the movements of black-billed gull populations within and between braided river systems to 
determine the fidelity of individuals to breeding sites and river systems (Rowe & Taylor 2006). 
Overall, black-billed gulls have not been well studied, and Taylor (2000) summarizes projects 
that have been done. These studies were conducted between the 1960s and 1990s, with the most 
recent being a PhD dissertation carried out on gulls in Southland between 2004-06 (McClellan 2008), but 
publications are generally lacking. Black (1955) published notes on the black-billed gull colony at Sulphur 
Point, Rotorua, during the season of 1951-52, describing breeding numbers, associations with red-billed 
gulls (Larus novaehollandiae scopulinus), and discussing predation. The main causes of failure appeared 
to be dogs (Canis familiaris), humans, stoats (Mustela erminea), black-backed gulls (Larus dominicanus), 
and harriers (Circus approximans; Black 1955). McClellan (2008) found ferrets (Mustela furo) to be an 
important predator. Beer (1966) carried out a detailed study on the Taieri River in Otago during the 
summers of 1962 and 1963. The study suggested that black-billed gulls form pairs before choosing and 
settling at a colony location, and they begin nest building and laying within a week after arrival. They do 
not nest in the same place every year, and territories are established very quickly without the same level 
of aggression seen in other gull species (Beer 1966). This is assumed to be due to the highly variable and 
unstable nesting site on braided rivers. Beer (1966) also suggested that the reason for the gulls nesting 
at such an unstable site was not due to pressure from mammalian predators but could be due to food 
availability. The gulls evolved without ground predators, and the introduction of mammalian predators 







River conservation in New Zealand 
Introduced species in New Zealand are having a profound effect on native biota primarily due to the 
country’s isolation, large number of endemic species, and relatively recent human settlement (Norton 
2009). Two mass extinction events in New Zealand are reported, approximately 1,000 years and 200 
years BP, both linked to the arrival of settlers (Towns & Williams 1993; Craig et al. 2000). The 
destruction of native habitat and the introduction of countless flora and fauna are responsible for most 
extinctions in New Zealand (Pryde & Cocklin 1998; Craig et al. 2000). Human impacts and the resulting 
biodiversity losses cannot be completely reversed with restoration because the invasive species have 
already changed the interaction of species (Norton 2009). 
It is difficult to pinpoint the primary impacts of changes to river ecosystems as there are 
generally numerous alterations occurring simultaneously, such as changes in flow as well as land use 
next to the river (Bunn & Arthington 2002). Consequently, one change may be responsible for some 
impacts, but it may be the cumulative effect of several changes causing an overall adverse effect (Bunn 
& Arthington 2002). River ecosystems are a network of environmental variables influenced by both 
small- and large-scale factors, such as individual channels or entire catchments (Buckton & Ormerod 
1997; Robinson et al. 2002). Birds, such as the black-billed gulls, rely on the functioning of these 
ecosystems, and are therefore useful indicators of changes (Buckton & Ormerod 1997; Call & Hunter 
2017). 
Hydroelectric developments on rivers cause an increase in invasive vegetation cover due to 
reduced flow (Caruso et al. 2013). Single large floods do not remove woody vegetation, such as willow 
(Salix spp.), as these plants are adapted to high water levels, but do remove Russell lupin (Lupinus 
polyphyllus; Caruso et al. 2013). However, the timing of floods also matters, as vegetation such as lupin 
will be more established with deeper root structures in the summer compared to early spring when 
juveniles are in the growth stage (Caruso et al. 2013). High flow pulses and small floods benefit invasive 
vegetation via seed dispersal (Caruso et al. 2013). Large floods remove vegetation but this tends to be 
over the short-term as the seed bank is vast (Caruso et al. 2013a). Invasions of vegetation on braided 
rivers reduces the amount of open gravel that is available for nesting birds, such as the black-billed gulls. 
Threats to black-billed gulls, and other braided river birds, are introduced mammalian predators, 
such as hedgehogs (Erinaceus europaeus), rats (Rattus spp.), cats (Felis catus), stoats, ferrets, weasels 
(Mustela nivalis), and brushtail possums (Trichosurus vulpecula), weed invasions which reduce open 
gravel for nesting and increase cover for predators to hide, water extraction which changes the flow, 
channelization of rivers, and human disturbance. Black-billed gulls and other native birds of New 
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Zealand evolved without mammalian predators, and have therefore suffered greatly from introductions 
of stoats, cats, hedgehogs, ferrets, and rats (Sanders & Maloney 2002; Norbury & Heyward 2008). 
Equally, the populations of native avian predators, such as the Australasian harrier and southern black-
backed gull, have increased with human presence and therefore exert greater pressure on New Zealand 
endemic species (Dowding & Murphy 2001; Steffens et al. 2012). Predator abundance is not always 
indicative of predation rates as certain individuals may be predatory specialists (Cruz et al. 2013), and 
predation rates may also depend on the abundance of prey or alternate sources of prey (Norbury & 
Heyward 2008). For example, predators, such as cats, shift to other prey, from rabbits to native birds, if 
the primary prey decreases (Keedwell & Brown 2001). The predator-prey dynamics combined with the 
complexities of river ecosystems make black-billed gulls a challenging species for conservation; 
consequently, few projects have attempted management of gull colonies. These projects include camera 
monitoring of predation events at colonies in Marlborough (Mischler 2016), black-backed gull control to 
reduce predation pressure on colonies on the Waimakariri River (Thierry 2016), and mammalian 
trapping aimed at increasing productivity and survival of braided river birds at several sites including, 
but not limited to, the Ashburton River (J. Jack, pers. comm.) and Hawke’s Bay (K. Hashiba, pers. 
comm.). Since these projects are relatively recent, no assessment of their success has been conducted. 
 
Genetics and conservation 
The study of population genetics has undergone rapid changes over the past 50 years (Charlesworth & 
Charlesworth 2017). Variations in mitochondrial DNA (mtDNA) were first examined and published in 
1979 (Charlesworth & Charlesworth 2017). As the number of gene trees being made and the geographic 
area sampled was increased, the use of mitochondrial DNA (mtDNA) alone to draw phylogeographic 
trees began to be criticized (Brito & Edwards 2009). This was due to a high gene tree heterogeneity as 
well as comparisons to newly available nuclear DNA trees (Brito & Edwards 2009). Since mtDNA is only 
maternally inherited and acts as a single locus due to the lack of recombination, it is important to use 
mtDNA together with nuclear DNA to determine patterns of gene flow between populations of a species 
(Toews & Brelsford 2012; Allendorf 2017). Mitochondrial DNA alone should not be used to examine 
population gene flow because variability in loci could be the result of chance (Allendorf 2017). 
Consequently, nuclear DNA acts as a supplement by adding independent loci to the analyses (Toews & 
Brelsford 2012). Conflicting patterns between mtDNA and nuclear DNA can be seen if, for example, 
mtDNA selection differs from nuclear DNA selection on a geographic level from female-biased dispersal 
(Toews & Brelsford 2012). Mitochondrial DNA has low effective population size compared to nuclear 
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DNA; consequently, population events can be more readily detected in mtDNA than nuclear DNA as 
mtDNA sorts lineages quickly (de Almeida Santos et al. 2016). In birds, it is said that females have high 
dispersal, thereby resulting in high diversity and low structure in mtDNA versus nuclear DNA (de 
Almeida Santos et al. 2016). In birds, females are heterogametic, and therefore need to contribute to 
gene flow and demographics (Rheindt & Edwards 2011; Allendorf 2017). Since birds can fly, they are 
able to exchange genetic material over large geographic distances resulting in less genetic divergence 
among populations (Allendorf 2017).  
In the 2000s, single nucleotide polymorphisms (SNPs) were developed, and began to be used for 
population genetics (Allendorf 2017). SNPs use nuclear markers that have a less complicated mutation 
mechanism than microsatellites (Brito & Edwards 2009). For example, microsatellites may undergo 
various mutations at different loci, thereby also making the use of statistics difficult to compare to 
mtDNA (Brito & Edwards 2009). SNPs have very low mutation rates, and can show very fine-scale 
population history; however, many SNPs are needed to counteract their biallelic nature, and marker 
development can be a very labour-intensive task with numerous validation steps (Brito & Edwards 2009; 
Renaut et al. 2010). It has been argued that mtDNA and SNPs be used together as each shows a different 
insight into the same story (Zhang & Hewitt 2003). 
Dispersal of animals and gene flow can be independent of one another, and it can therefore be 
misleading if only one of the two parameters is focused on (Palsbøll et al. 2007). For example, there can 
be a high rate of dispersal but low gene flow if breeding at the dispersal site does not occur (Palsbøll et 
al. 2007). For management purposes, it is important to define the unit that is being targeted for 
conservation. Evolutionarily significant units (ESU) are meant to identify units beyond the taxonomic 
level that need to be prioritized to maintain genetic diversity (Fraser & Bernatchez 2001). Management 
units (MU) were developed as a smaller unit within ESUs with a focus on contemporary structuring 
rather than historical (Fraser & Bernatchez 2001). Identifying MUs is important as they outline entities 
for conservation actions, but the challenge lies within assigning a threshold amount of genetic 
divergence that constitutes individual MUs (Palsbøll et al. 2007). To appropriately determine MUs, 
information on both the demographic and genetic characteristics of a population should be known 
(Palsbøll et al. 2007), and MUs based on genetic importance should not be chosen solely from mtDNA 
analyses (Allendorf 2017). Consequently, in this thesis, both SNPs and mtDNA markers were examined 
for black-billed gulls to determine dispersal and connectivity of the species throughout New Zealand, 





The main aims of this thesis focus on the black-billed gulls on a national level, rather than specific 
colonies. Although research is lacking in many aspects for this species, calculating an up-to-date national 
population estimate was a key priority in order to determine if the predicted future declines are as 
severe as expected (McClellan 2008). This information can be used to inform threat assessments as well 
as conservation management and planning. In addition to outdated population estimates, it is also not 
clearly understood how black-billed gulls disperse across New Zealand. It is unclear if there are distinct 
sub-populations of birds in regions where they do not mix with others, or if all birds are related on a 
national scale. Research is needed on the movements of black-billed gull populations within and 
between braided river systems to determine the fidelity of individuals to breeding sites and river 
systems (Rowe & Taylor 2006). This can be determined using genetic studies, and the results can inform 
the identification of MUs and hence conservation management and planning. 
Chapter two and three of my thesis are the data chapters. Chapter two has been written in a 
scientific paper format and has been published (Appendix A). In this second chapter of my thesis, I 
describe how I carried out a national census of breeding black-billed gulls in 2016/17. Based on previous 
reports, such as McClellan (2008), Taylor (2000), and Robertson et al. (2013), I hypothesized a vast 
national decrease in the number of breeding birds since the previous census carried out in 1995-97, and 
a decrease in the number of colonies on rivers, particularly Southland. For the 2016/17 census, a fixed 
wing plane was used to survey braided sections of all rivers in the South Island, aerial photographs were 
taken to do nest counts, and ground counts were done where colony size allowed and access was 
possible. Some coastal areas and rivers in the North Island were flown, and the remainder was searched 
on the ground. I used available nest count data from 2014/15 and 2015/16 to calculate annual 
variability, and determined a correction factor to apply to aerial photographs by comparing aerial 
photograph nest counts to ground nest counts. I compared the results from 2016/17 with the counts 
from the previous census in 1995-97, and examined trends in nest numbers within regions and on rivers. 
I provide suggestions for methods of future surveys, and emphasize the need to count nests rather than 
individual birds. Discrepancies in previous survey methods may have led to vast over-estimates of black-
billed gull numbers in the past, thereby affecting trend analyses used for threat classifications. 
In chapter three, I examined the population structure and genetic diversity of black-billed gulls 
using molecular genetic markers. The aim was to determine the relationship of colonies between rivers 
to understand dispersal and movements of birds and hence the scale of management needed. If 
genetically distinct colonies are present, then priority would have to be placed on those to protect 
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diversity. Based on available band resights, I hypothesized that the genetic diversity of gulls will be 
mixed throughout the country, and that no distinct populations exist. Blood was collected from chicks in 
colonies across New Zealand, and high quality DNA extracted. Next Generation Sequencing (NGS) was 
used to develop molecular markers (Single Nucleotide Polymorphisms, SNPs). Both mtDNA and nuclear 
DNA were examined - domain I of mtDNA control region, and SNPs for the nuclear genome. For mtDNA, 
I created a Bayesian tree and haplotype network to visualize genetic structure, and calculated genetic 
diversity with haplotype and nucleotide diversity measures, individual pairwise distances, and pairwise 
gammaST. For nuclear DNA, the optimal number of clusters was calculated by fastSTRUCTURE to explain 
genetic structure, and discriminant analysis of principal components (DAPC) carried out. A 
differentiation matrix (FST) between catchments was created and used for an UPGMA tree. I provide 
suggestions for future research, and suggest how the genetic results can be used to influence 
management decisions. 
Chapter four serves as an overall summary, using key results from chapter two and three. It 
forms a discussion about how my thesis contributes to knowledge about black-billed gulls and their 
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Chapter Two: Estimating the breeding population of black-billed gulls Larus 
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Several bird species in New Zealand, such as the black-billed gull (Larus bulleri), are considered braided 
riverbed specialists that rely on these rivers for breeding (Maloney et al. 1997; Forest & Bird 2014; 
O’Donnell et al. 2016). Anthropogenic alterations such as gravel extraction, flow regulation and the 
introduction of weeds, such as Russell lupin (Lupinus polyphyllus) and broom (Cytisus scoparius), have 
reduced the dynamic nature of braided rivers (Tockner et al. 2006), thereby affecting the availability of 
nesting habitats of river birds (Hughey 1997). Mammalian predators such as feral cats (Felis catus), 
European hedgehogs (Erinaceus europaeus), stoats (Mustela erminea), and ferrets (Mustela furo) also 
pose threats to braided river bird specialists (Craig et al. 2000; Dowding & Murphy 2001; Sanders & 
Maloney 2002; Keedwell 2005; Caruso et al. 2013; O’Donnell et al. 2015). Avian predators, such as 
southern black-backed gulls (Larus dominicanus) and swamp harrier (Circus approximans), can have 
significant impacts on productivity and survival of braided river birds (Steffens et al. 2012). 
Consequently, the need for conservation of river birds is well documented (Maloney 1999; Dowding & 
Murphy 2001; Sanders & Maloney 2002; Keedwell 2005; O’Donnell et al. 2016).  
Black-billed gulls are a small slender gull endemic to New Zealand (Higgins & Davies 1996). They 
primarily rely on braided rivers in the South Island for breeding, but also nest at lake edges, estuaries, 
lagoons, swamps, harbours, geothermal terraces and sandy coasts (Beer 1966; Higgins & Davies 1996; 
Taylor 2000). Nests are close together, and colonies vary from a few to several thousand pairs (Higgins & 
Davies 1996). Coastal colonies can be mixed with red-billed gulls (Larus novaehollandiae) or white-
fronted terns (Sterna striata; Higgins & Davies 1996). Black-billed gulls forage over riffles on braided 
rivers, short tussock grasslands, and grey shrublands in the South Island, and feed on both aquatic and 
terrestrial invertebrates (Higgins & Davies 1996). During the non-breeding season, birds are generally 
found along the coast, but continue to feed at inland farms (Taylor 2000). 
Due to the unstable habitat the black-billed gulls rely on for breeding, they have adapted by 
minimizing the time spent at colonies (Beer 1966). They lay eggs within a few days of settling at a 
colony, and the chicks are highly mobile a few days after hatching, allowing them to crèche and family 
groups to move if necessary, such as in the case of floods (Beer 1966). The gulls are also quick to desert 
a colony if nearby food supplies are not sufficient (Evans 1982a). These adaptations make colony surveys 
quite difficult, as the time for counts is short and colonies often move between years due to changes in 
substrate (Beer 1966). Consequently, very few studies have been conducted on black-billed gulls (Taylor 
2000; McClellan 2008). 
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As has been noted for other species (Puetz et al. 2003; Wienecke et al. 2009; Gaston et al. 2012; 
Petersen et al. 2015), historical counts of black-billed gulls are difficult to interpret due to inconsistent 
methods, calculation inaccuracies and data gaps (McClellan 2008). Documented, repeatable and 
rigorous methodologies are important as future studies and management decisions are based on trends 
(Puetz et al. 2003; Wienecke et al. 2009; Petersen et al. 2015). The only national census for this species, 
conducted in 1995-97, estimated 48,000 nests, or 96,000 breeding birds (Powlesland 1998). Black-billed 
gulls are classified as ‘Endangered’ by the International Union for Conservation of Nature (IUCN) due to 
a rapid population decline over the past 3 generations (BirdLife International 2016). The New Zealand 
Threat Classification System lists the gulls as ‘Threatened, Nationally Critical’ due to a high ongoing, or 
predicted population decline (Robertson et al. 2013; Robertson et al. 2017). 
Due to the most recent census of black-billed gulls having been completed almost 20 years ago, 
and combined with the change of threat classification by Robertson et al. (2013) to ‘Nationally Critical’, 
the objectives of the current study were to: i) calculate a national breeding population estimate using 
data collected over the course of three seasons from 2014/15 to 2016/17 to account for annual 
variability; ii) compare the results to the census conducted between 1995/96 and 1997/98; and iii) make 
recommendations for future count methodologies. 
 
Materials and methods 
Birds New Zealand census, 1995/96 to 1997/98 
The only national survey of black-billed gulls was conducted by the Ornithological Society of New 
Zealand (OSNZ, now Birds New Zealand (Birds NZ)) in 1995/96, 1996/97, and 1997/98. Birds NZ regional 
newsletters, classified summarised notes and nest record scheme cards were searched to access survey 
methods and specific results; however, precise methods used could not be fully determined. It appears 
that known North Island breeding sites were visited on the ground to obtain a nest count, and aerial 
surveys were done in parts of the South Island to locate colonies (Hawkins & Powlesland 1995). 
Information regarding which rivers were flown, the timing of flights, or which rivers were surveyed on 
foot could not be found. Once located, the number of pairs/nests were counted on the ground, 
recorded on Colonial Nest Record (CNR) cards, and submitted to the respective Regional Representative 
(Hawkins & Powlesland 1995). These CNR cards were requested, but the ones specific to the national 
survey could not be located and hence the results outlined in Powlesland (1998) were used for 





Fig. 2.1. Tracks of flights undertaken during the 2016/17 census of black-billed gulls in New Zealand. Black lines represent rivers 
and coastlines flown. Red lines represent regional boundaries. North Island: AUK - Auckland, BOP - Bay of Plenty, GIS – 
Gisborne, HKB - Hawke’s Bay, MWT - Manawatu-Wanganui, NTL – Northland, TAR – Taranaki, WGN – Wellington, and WKO – 
Waikato. South Island: CAN - Canterbury, MBH - Marlborough, OTA - Otago, STL - Southland, TAS - Tasman, and WTC - West 




National breeding population estimate, 2014/15 to 2016/17 
North Island records for 2014/15, 2015/16, and 2016/17 are from independent observers. These were 
directly reported to the author by the observers or Birds NZ regional representatives, or found online 
using eBird (2012). 
A mixture of aerial and ground surveys of the 6 South Island regions (Fig. 2.1) were conducted 
over the 3 years (Table 2.1). Rivers were chosen by closely examining each region on Google maps to 
locate braided sections of rivers, and by using historical records of colony locations. If there was any 
uncertainty associated with suitable habitat, the river was flown to minimize the risk of missing colonies. 
Canterbury, Marlborough, Tasman, Otago and Southland were aerially surveyed in 2014/15, and 
Canterbury and West Coast in 2015/16. All 6 regions were flown in 2016/17. Ground surveys were done 
in Marlborough and Tasman in 2015/16. Ground counts following aerial surveys were conducted in 
Marlborough and Tasman in 2014/15, West Coast in 2015/16, and all regions except Canterbury in 
2016/17 (Table 2.1). Both aerial and ground survey methods were consistent across the 3 years. 
Apparently occupied nests (AON), defined as birds sitting on substantial nests or standing within 
touching distance of a nest (Simeone et al. 2003) or sitting in incubation posture, were counted from 
aerial photographs. Ground counts of nests were completed systematically by 2 observers splitting the 
colony into approximately 2 m wide sections using ropes, counting all nests (maintained empty where 
birds are clearly adding nest material but no eggs/chicks are present, or nests with eggs/chicks) within 
the section, and then moving the ropes to the adjacent section until the entire colony was  counted. A 
colony of about 350 nests could be surveyed by experienced observers in less than 5 minutes. Risk to 
birds, such as desertion or destruction of eggs/killing of chicks by neighbouring birds, was minimized by 
counting colonies which were estimated to contain less than 1,000 nests, experienced observers were 
used to ensure counts were done quickly and efficiently, and counts were restricted to dry weather. 
 
2014/15 
A R22 helicopter was used to conduct flights on rivers in Marlborough and Tasman regions at 150 m 
above ground (Mischler 2015). Three rivers were surveyed (Table 2.2, 2.3), all black-billed gull colonies 
were photographed, and birds on AONs were counted from the photographs. Nest counts on the ground 
were done on the same or following day to compare to aerial photograph counts. 
Details of braided river surveys within Canterbury are available from McClellan (2015). The 
survey covered 21 rivers (Table 2.2; see McClellan (2015) for a map of all rivers flown), colonies were 
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located with a fixed wing aircraft, photographed, and number of individual birds counted on the 
photograph. AONs were not counted separately, and ground counts were not conducted. 
In Otago, 8 rivers were flown, colonies located, and photographs taken. Rivers surveyed 
included Clutha, Shotover, Dart, Rees, Matukituki, Makarora, Hunter and Manuherikia. In Southland, 7 
rivers were surveyed for gull colonies while carrying out weed surveys. Rivers surveyed included Eyre, 
Mataura, Aparima, Waikaia, Oreti, Mararoa and Waiau. Photographs were taken for both regions, but 
no counts were done due to the low resolution of the photographs. No ground counts were completed. 
 
Table 2.1. Type of surveys conducted for breeding black-billed gulls during summers of 2014/15, 2015/16, and 2016/17 in 
regions of the South Island, New Zealand. References correspond to reports summarising specific surveys. 
 
Year Region Survey Type Reference 
2014/15 Canterbury Aerial McClellan 2015 
 Marlborough Aerial and ground Mischler 2015 
 Tasman Aerial and ground Mischler 2015 
 Otago Aerial -* 
 Southland Aerial -* 
2015/16 Canterbury Aerial Mischler & Bell 2016 
 Marlborough Ground Mischler 2016a 
 Tasman Ground Mischler 2016a 
 West Coast Aerial and ground Mischler 2016b 
2016/17 Canterbury Aerial Bell 2017 
 Rest of South Island Aerial and ground Current study 
* Aerial surveys were carried out but no counts were completed due to low resolution photographs. 
 
2015/16 
No flight surveys were done in Marlborough or Tasman, but the same methods used for nest counts as 
described above were conducted for all known colonies located during ground searches (Mischler 
2016a). Braided sections of all rivers in the West Coast region were surveyed by a Cessna 180 plane at 
150 m above ground for black-billed gull colonies (Mischler 2016b). A total of 31 rivers were flown (see 
Mischler 2016b for a map of all rivers flown), and AONs were counted from the photographs. Nest 
counts on the ground were done the same or following day on a subset of colonies to compare to aerial 
photograph counts, following the methods described above (Mischler 2016b). 
The Canterbury survey was repeated, and the same 21 rivers were flown (Mischler & Bell 2016). 
AONs were counted from photographs, but no ground counts were done. No flights were conducted in 





Table 2.2. Black-billed gull nests counted in Canterbury (CAN) and Marlborough (MBH) regions of South Island, New Zealand. 
Data from 2014-16 are summarized, and 2016/17 was a full census. Numbers in parentheses - number of colonies. Location - 
rivers unless stated otherwise. Cor – corrected value using factor of 1.05 for 2014/15 and 0.90 for 2015/16 and 2016/17. Count: 
A – aerial photo, G – ground, GP – ground photo. NC – colony/colonies found but nests not counted, 0 – location checked and 
colony absent, and “-“ – no data found on presence/absence of colony.  
 
Region Location 
2014/15 2015/16 2016/17 
Count Cor Type Count Cor Type Count Cor Type 
CAN Ahuriri - - - 610 (2*) - G 491 (2) ^ A, G 
 Ashburton NC - A 774 (2) 727 A 4686 ^ A 
 Ashley 140 - G 3 - G 340 - G 
 Cass - - - 55 - G 75 - G 
 Clarence 187 197 A 139 - G 0 - - 
 Conway 0 - - 0 - - 0 - - 
 Godley - - - 55 - G 0 - - 
 Hopkins - - - - - - 9 ^ A 
 Hurunui NC (2) - A 1497 1405 A 1195 (3) ^ A 
 Kaitorete Spit - - - NC - G - - - 
 Kekerengu 0 - - 0 - - 20 - G 
 Opihi NC - A 0 - - 0 - - 
 Orari NC - G 0 - - 0 - - 
 Pareora, South - - - - - - 2139 - G 
 Rakaia NC - A 274 257 A 1400 (2) ^ A 
 Rangitata NC - A 9279 (3) 8711 A 3171 (2) ^  
 Tasman - - - 41 - G 62 (2) - G 
 Tengawai, paddock NC - G - - - - - - 
 Timaru Golf - - - NC - G - - - 
 Waiau 0 - - 1258 1181 A 511 (3) ^ AP 
 Waihao - - - 337 316 A - - - 
 Waimakariri 1501 (2) - G 1840 (2) - G 2985 (4) ^ A, G 
 Waipapa Bay - - - 28 - G - - - 
 Waipara - - - NC - G - - - 
 Waitaki NC - A 2608 (2) 2448 A 3591 (3) ^ A 
 Washdyke Lagoon - - - 3 - G - - - 
CAN total 1828 1838 - 18,801 17,819 - 20,675 - - 
MBH Awatere 54 - G 0 - - 0 - - 
 Ure 0 - - 0 - - 0 - - 
 Wairau 354 (2) 372 A 184 - G 413 370 A 
 (Wairau)** - - - - - - 880 (3) - G 
MBH total 408 426 - 184 - - 413 370 - 
           
South Island annual total - - - 22,481 21,404 - 63,433 59,264 - 
New Zealand annual total - - - 23,156 22,079 - 64,425 60,256 - 
^Correction not applied due to observers varying from the rest of the South Island. 
*One additional colony located but nests not counted. 





Table 2.3. Black-billed gull nests counted in Otago (OTA), Southland (STL), Tasman (TAS), West Coast (WTC) regions of South 
Island, New Zealand. Data from 2014-16 are summarized, and 2016/17 was a full census. Numbers in parentheses - number of 
colonies. Abbreviations and correction factors applied are the same as outlined in Table 2.2.  
 
Region Location 
2014/15 2015/16 2016/17 
Count Cor Type Count Cor Type Count Cor Type 
OTA Clutha NC (2) - A, G NC (2) - G 911 (2) - 
A, 
GP 
 Ettrick, paddock - - - - - - 462 - G 
 Lake Dunstan - - - - - - 308 276 A 
 Makarora NC - G - - - - - - 
 Matukituki - - - - - - 780 701 A 
 Pomahaka - - - - - - 456 410 A 
OTA total - - - - - - 2917 2760 - 
STL Aparima NC (3) - A NC - G 5574 (6) 5006 A 
 Eglinton - - - - - - 225 (2) 202 A 
 Eyre Creek NC - AP - - - 2187 1964 A 
 Five Rivers* - - - - - - 86 - G 
 Mararoa NC (2) - A, G 2400 - G 1800 (2) 1616 A 
 Mataura NC (4) - A - - - 10338 (9) 9285 A 
 Oreti NC (6) - A - - - 4622 (6) 4151 A 
 SH94 - - - - - - 335 - GP 
 Tomogalak - - - - - - 845 758 A 
 Waiau NC (3) - A - - - 3398 (10) 3051 A 
 Waiau - - - - - - 172 (2) - G 
 Waikaia NC - A - - - 4335 3893 A 
 Whitestone - - - - - - 3546 3184 A 
STL total - - - 2400 - - 37,472 33,703 - 
TAS Buller 182 191 A 150 - G 0 - - 
 Matakitaki 0 - - - - - 204 183 A 
 Motueka River/Spit - - - - - - 15 - G 
 Soper’s Sandspit - - - 10 - G - - - 
 Totara, Waikato - - - 1 - G - - - 
TAS total 182 191 - 161 - - 219 198 - 
WTC Arawhata - - - 12 - G 0 - - 
 Cook - - - 289 260 A 0 - - 
 Dolomite Point - - - 0 - - - - - 
 Grey - - - 0 - - 110 98 A 
 Hokitika - - - 6 5 A 0 - - 
 Maruia 411 - G 462 414 A 264 (2) 237 A 
 Taramakau - - - 0 - - 325 291 A 
 Whataroa - - - 166 149 A 1038 (2) 932 A 
WTC total 411 - - 935 840 - 1737 1558 - 
          
South Island annual total - - - 22,481 21,404 - 63,433 59,264 - 
New Zealand annual total - - - 23,156 22,079 - 64,425 60,256 - 
*Colony on paddock next to artificial pond, disturbed by vehicles with numerous flattened nests and chicks present. Only nests 





A national census was completed following methods used by McClellan (2015), Mischler (2016a, b), and 
Mischler & Bell (2016). In early to mid-October, a ground search was started in Southland to determine 
the stage of breeding. To capture the largest number of breeding birds, the flights of the selected 9 
rivers with suitable habitat needed to be conducted between mid-incubation and hatching (Table 2.3; 
Fig. 2.1). A total of 13 colonies were located using ground surveys, and were used to determine a flight 
date of 20 October 2016. 
All fights were done at 150 m above ground at approximately 200 km/h using a Cessna 185. The 
plane flew along the edge of the river to allow the photographer to see the entire river bed. If a section 
of river was particularly wide, several sweeps were done to ensure the whole width was covered. Two 
observers were on board to minimize colonies being missed. Once a colony was found, the plane slowed 
and circled while the photographer took photographs of all birds. A Garmin GPSMap 64st unit tracked 
the flight paths, and was used to mark individual colony locations. A Canon 5D camera with a 70-300 
mm f5.6 lens was used to take the photographs. 
 
Table 2.4. Black-billed gull nests counted in the North Island, New Zealand during the 1995-97 census (adapted from 
Powlesland 1998). Numbers in parentheses - number of colonies. AUK - Auckland, BOP - Bay of Plenty, HKB - Hawke’s Bay, MWT 
- Manawatu-Wanganui, WKO - Waikato. 0 – location checked and colony absent, and “-“ – no data found on presence/absence 
of colony. 
 
Region Location 1995/96 1996/97 1997/98 
AUK Kidds, Manukau Harbour 26 0 - 
 Mataitai, Wairoa Bay - 10 - 
 Miranda 80 130 - 
 Papakanui Spit, Kaipara Harbour 0 0 12 
 Rat Island, Kaipara Harbour 3 18 0 
AUK total 109 158 12 
BOP Ohiwa Harbour 0 30 - 
 Rotorua 166 95 127 
BOP total 166 125 127 
HKB Napier Wharf 20 0 - 
 Portland Island 17 246 - 
 Waitangi Estuary 0 0 250 
HKB total 37 246 250 
MWT Manawatu River 10 - - 
MWT total 10 - - 
WKO Tongariro Delta - 18 0 
WKO total - 18 - 
    





Table 2.5. Black-billed gull nests counted in the South Island, New Zealand during the 1995-97 census (adapted from 
Powlesland 1998). Numbers in parentheses - number of colonies. CAN - Canterbury, MBH - Marlborough, OTA - Otago, STL - 
Southland, TAS - Tasman, WTC - West Coast. Location – rivers unless stated otherwise. 0 – location checked and colony absent, 
and “-“ – no data found on presence/absence of colony. 
 
Region Location 1995/96 1996/97 1997/98 
CAN Ahuriri 195 (2) - - 
 Ashburton 3865 (3) 7686 (4) 4637 
 Ashley 383 257 (2) - 
 Cass 10 - - 
 Conway 1000 649 0 
 Hurunui 278 - - 
 Opihi 3824 (2) 1063 (3) 432 
 Opuha Dam - 1409 - 
 Orari 1200 - 0 
 Peacock Springs 0 78 - 
 Rakaia 4 732 (2) - 
 Tasman 10 - - 
 Tekapo 25 - - 
 Waiau 973 (3) 1624 (2) - 
 Waimakariri - 91 - 
 Waitaki 952 (2) - 711 
CAN total 12,719 13,589 5780 
MBH Ure 5 - 0 
 Wairau 200 - 0 
MBH total 205 - - 
OTA Clutha 0 0 200 
 Matukituki - 296 - 
OTA total - 296 200 
STL Aparima 12030 (10) 7785 (3) 2500 
 Eyre Creek - - 2009 
 Mararoa 178 - 1000 
 Mataura - 11963 8830 
 Oreti 16737 (5) 9091 (5) 6691 
 Upukerora 178 - - 
 Waiau 446 4635 (3) - 
 Whitestone - - 1000 
STL total 29,569 33,474 22,030 
TAS Buller 80 - - 
 Matakitaki 10 - - 
 Motueka River/Spit - 70 - 
TAS total 90 70 - 
WTC Dolomite Point 0 20 0 
WTC total - 20 - 
     
South Island annual total 42,583 47,449 28,010 





On 21 October 2016, 10 rivers in Otago were flown with the same plane and pilot (Table 2.3; Fig. 
2.1). Using the aerial photographs, colonies in Southland and Otago estimated to have ≤1,000 breeding 
pairs were selected. On 22-24 October 2016, ground counts of these selected colonies were conducted 
in accessible locations to compare to aerial photograph counts, and followed the same nest count 
methods as outlined above. 
 
Table 2.6. Black-billed gull nests counted in the North Island, New Zealand. Data from 2014-16 are summarized, and 2016/17 
was a full census. Numbers in parentheses - number of colonies. AUK - Auckland, BOP - Bay of Plenty, GIS – Gisborne, HKB - 
Hawke’s Bay, MWT - Manawatu-Wanganui, NTL – Northland, WGN – Wellington, WKO - Waikato. NC – colony found but nests 
not counted, 0 – location checked and colony absent, and “-“ – no data found on presence/absence of colony. 
 
Region Location 2014/15 2015/16 2016/17 
AUK Awhitu Peninsula, Manukau Harbour - - 20 
 Clark’s Bay, Manukau Harbour - - 22 
 Mataitai, Wairoa Bay - 170 260 
 Miranda 100 120 100 
 Papakanui Spit, Kaipara Harbour - - 51 (2) 
 Te Atatu Peninsula, Waitemata Harbour - - 23 
AUK total 100 290 476 
BOP Maketu Spit - 36 36 
 Ohiwa Harbour - 39 5 
 Rotorua 75 22 184 
BOP total 75 87 225 
GIS Young Nick’s Head Station NC NC 63 
GIS total - - 63 
HKB Ahuriri Estuary - - 15 
 Napier Wharf - 150 0 
 Portland Island - - 4 
 Tukituki River 53 - 0 
HKB total 53 150 19 
MWT Manawatu River - - 11 
MWT total - - 11 
NTL Mangawhai Heads 40 - 0 
 Waipu Rivermouth - 4 - 
NTL total 40 4 - 
WGN Henley Lake, Masterton 46 - 0 
 Ruamahanga River - - 78 
 Tauherenikau Delta, Lake Wairarapa - 54 0 
WGN total 46 54 78 
WKO Motuoapa, Lake Taupo - - 120 
 Tokaanu Power Station, Taupo - 80 0 
WKO total - 80 120 
    






Marlborough, Tasman, and the West Coast counts were conducted on 18 and 19 November 
2016. One river in Marlborough, 2 rivers in Tasman, and 16 in the West Coast were covered (Table 2.2, 
2.3; Fig. 2.1). The timing was chosen as outlined above, with ground surveys conducted 7-10 days 
preceding the flights. All but one inaccessible colony in the West Coast were counted on the ground 
following the flights, on 19 and 20 November 2016. The methods used during 2014/15 and 2015/16 
were applied to the Canterbury region, and flown on 7 and 8 November 2016 (see Bell 2017). No ground 
counts were conducted. AON counts for Canterbury referred to in this study were adapted from Bell 
(2017). Canterbury flight tracks shown in Fig. 2.1 are from the 2015/16 season. 
The North Island was mostly surveyed on the ground (Fig. 2.1). Flights of 3 rivers in Hawke’s Bay 
were conducted on 4 December 2016, and another flight along the East Coast from Cape Palliser to 
Opotiki was conducted on 20 December 2016 (Fig. 2.1). Ground surveys preceding flights were not done. 
The Ruamahanga River in the Wellington region was ground surveyed on 6 January 2017. All North 
Island rivers and coastlines flown are shown in Fig. 2.1. 
The clearest photos were chosen for counting using Microsoft Paint. Dispersed colonies usually 
required the use of more than one photograph, and sections were delineated to avoid double counting. 
At a magnification of 100-200%, each AON was counted and marked with a coloured dot. AONs were 
counted using visible nesting material as well as based on knowledge about behaviour and incubation 
posture from multiple years of field experience. To allow for observer differences in counting AONs, all 
photographs were counted by the same 2 independent observers. These same 2 individuals also 
counted all AONs in photographs from the 2015/16 season, and 1 of the 2 observers had counted all 
AONs in 2014/15 photos. 
The mean of photograph AON counts from the 2 observers for each river were calculated. To 
account for potential sources of error, mainly over-estimates of AONs from aerial photographs, a 
correction factor using the ground nest counts was calculated. This was done using methods outlined by 
Mittelhauser et al. (2016) where the correction factor was equal to ground count divided by photo 
count. To avoid errors from observers, the correction factor was applied to all aerial photograph counts 
where surveys and counts had been conducted by the same individuals; therefore, the AON counts from 
Canterbury 2016/17 did not have the correction factor applied as the observers were different from the 





Birds New Zealand census, 1995/96 to 1997/98 
Locations for the North Island colonies found in 1995/96, 1996/97, and 1997/98 are outlined in Table 
2.4 (Powlesland 1998). Seven colonies with 322 nests were found and counted in 1995/96, 7 colonies 
with 547 nests in 1996/97, and 3 colonies with 389 nests in 1997/98. The Auckland region had the 
highest number of colonies (n = 3) in 1995/96 and 1996/97, but Bay of Plenty had the most nests in 
1995/96 (n = 166) and Hawke’s Bay in both 1996/97 and 1997/98 (n = 246 and 250, respectively; Table 
2.4). 
Locations of the South Island colonies found were restricted to names of rivers rather than 
specific locations on the river (Powlesland 1998; Table 2.5). Canterbury had 20 colonies with a total of 
12,719 nests in 1995/96, and 17 colonies with 13,589 nests in 1996/97. Southland had 18 colonies with 
29,569 nests in 1995/96, and 12 colonies with 33,474 nests in 1996/97. The remaining 4 regions of 
Marlborough, Otago, Tasman, and West Coast had a minimal number of 1-2 colonies, and a range of 20 
to 296 nests. There were ≥23 rivers listed as either “Not Counted” or for which nest counts were never 
reported (Powlesland 1998). 
Overall, the New Zealand nest totals were 42,905 for 1995/96, 47,996 for 1996/97, and 28,399 
for 1997/98. The results from Powlesland (1998) showed that approximately 30% of black-billed gulls 
nested in Canterbury during 1995/96 and 28% in 1996/97, while 69% nested in Southland during 
1995/96 and 70% in 1996/97. The remaining 1-2% were in Marlborough, Otago, Tasman, West Coast, 
and the North Island. 
 
National breeding population estimate, 2014/15 to 2016/17 
All North Island nest counts from 2014/15 to 2016/17 are summarized in Table 2.6 and shown in Fig. 
2.2a. The highest number of colonies (n = 16) was located and counted in 2016/17, and this also 
amounted to the largest number of total nests (n = 992). By contrast, 2014/15 had the lowest number of 
colonies and nest counts (n = 6 and 314, respectively), and this was also the lowest number of nests 
counted across both censuses (Tables 2.4, 2.6). The Auckland region had the most colonies (n = 7) in 
2016/17, but Bay of Plenty had the most (n = 3) in 2015/16 (Table 2.6; Figs. 2.3b, c). The highest number 





Fig. 2.2a. Number of black-billed gull nests per region across the North Island of New Zealand during 1995-97 census (adapted 
from Powlesland 1998), surveys in 2014-16, and full census in 2016/17. Gaps represent the following: Gisborne – 1995/96 and 
1996/97 was not surveyed, 2014/15 and 2015/16 was not counted; Manawatu – 1996/97, 2014/15, 2015/16 was not surveyed; 
Northland – 1995/96 and 1996/97 was not surveyed, 2016/17 was 0 nests; Wellington – 1995/96 and 1996/97 was not 
surveyed; Waikato – 1995/96 and 2014/15 was not surveyed. 
 
Nest ground counts done immediately following flights, to determine a correction factor to 
apply to aerial photograph counts, are summarized in Table 2.7. Since errors in counting aerial 
photographs are specific to individual observers, 2 correction factors were calculated. The first 5 
colonies in Table 2.7 were counted by the author, both on the aerial photos and on the ground. The 
remaining 16 colonies were counted by 2 observers, both on the aerial photos and on the ground. 
Ground counts were done ≤5 days after the flights. To avoid skewing the data, three colonies were 
excluded from calculating the mean correction factors as they were outliers (n = 1.40, 3.24, and 4.49), 
likely due to substrate or photo quality; consequently, the remaining four and 14 colonies were used to 
calculate the factors of 1.05 and 0.90. These factors were applied to all aerial photographs over the past 
3 seasons for which methods of both photos and ground counts were consistent, and for which the 




Fig. 2.2b. Number of black-billed gull nests per region across the South Island of New Zealand during 1995-97 census (adapted 
from Powlesland 1998), surveys in 2014-16, and full census in 2016/17. Gaps represent the following: Southland – 2014/15 was 
not counted, 2015/16 was not surveyed; Otago – 1995/96 and 2015/16 was not surveyed, 2014/15 was not counted; 
Canterbury – 2014/15 was not counted; Marlborough – 1996/97 was not surveyed; West Coast – 1995/96 and 2014/15 was not 
surveyed. 
 
Although flight surveys were conducted in Canterbury, Otago, and Southland during 2014/15, 
nest counts in these regions were sparse (Figs. 2.2b, 2.3a). Thirteen colonies were found in Canterbury, 
of which 4 were counted. Three colonies in Otago and 20 in Southland were found but none were 
counted. The resolution of Canterbury aerial photos was not high enough for a nest count, and the 
resolution of Otago and Southland photos was insufficient for any count at all. With only Marlborough 
and Tasman fully surveyed, it is impossible to estimate total number of breeding birds for the 2014/15 
season. During 2015/16, Canterbury had 25 colonies of which 4 did not have a nest count (Fig. 2.3b). The 
West Coast region was fully surveyed for the first time, and 5 colonies were found with a total of 840 
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nests. The most colonies (n = 3) for the Tasman region were found during 2015/16, but the total number 
of nests (n = 161) was lower than for both 2014/15 and 2016/17 (n = 191 and 198, respectively). Otago 
and Southland were not surveyed, thereby also omitting a large portion of the South Island population 
in 2015/16. 
All regions were fully surveyed and all nests counted in 2016/17 (Fig. 2.3c). Canterbury had a 
total of 27 colonies, the most recorded for the region. The number of nests counted was also the 
region’s highest (n = 20,675). In October, Marlborough had 3 colonies with the highest nest count (n = 
880) for the region recorded (M. Bell, pers. comm.); however, since only one of those colonies remained 
during the flight survey, the count from the survey (n = 370) was used to maintain consistency. Six 
colonies in Otago were found, which is twice the number located during the 2014/15 flights. Southland 
remained the stronghold for black-billed gulls with 43 colonies and 33,703 nests. Although the Waiau 
River had the largest number of colonies (n = 10), the Mataura River had the most nesting birds (n = 
9,285 nests), followed by the Aparima River at 5,006 nests. In 2016/17, both Tasman and West Coast 




Table 2.7. Mean ± SD of black-billed gull apparently occupied nests counted from aerial photographs at colonies in New Zealand 
where ground counts of nests were also completed. The top 5 colonies were counted by one observer, the remaining colonies 
by two observers. Aerial photo and ground count methods were consistent across all three years. Empty nests were counted if 
clearly maintained by birds. Correction factor = ground count/photo count. South Island regions: CAN - Canterbury, MBH - 
Marlborough, OTA - Otago, STL - Southland, TAS - Tasman, and WTC - West Coast. 
 



















North I Gisborne Young Nick’s 20-Dec-16 16-Dec-16 76 (-) 59 4 63 0.83 
CAN Clarence Rivermouth 28-Nov-14 28-Nov-14 187 (-) 188 15 203 1.09 
MBH Wairau Rainbow 14-Nov-14 15-Nov-14 130 (-) 167 15 182 1.40* 
 Wairau Lower 14-Nov-14 14-Nov-14 224 (-) 204 5 209 0.93 
TAS Buller Murchison 9-Nov-14 10-Nov-14 182 (-) 163 21 184 1.01 
Mean Correction Factor (SE)       1.05 (0.10) 
OTA Matukituki Matukituki 21-Oct-16 26-Oct-16 780 (147.1) 386 39 425 0.54 
 - Roxburgh 21-Oct-16 25-Oct-16 31 (1) 5 19 24 0.77 
STL Aparima Dunrobin N 20-Oct-16 23-Oct-16 221 (7.1) 83 253 336 1.52 
 Aparima Otautau 20-Oct-16 23-Oct-16 135.5 (3.5) 51 388 439 3.24* 
 Mataura Cattle Flat 20-Oct-16 22-Oct-16 354 (21.2) 103 22 125 0.35 
 Mataura Garston Mid 20-Oct-16 22-Oct-16 1001.5 (67.2) 386 357 743 0.74 
 Mataura Waipounamu 20-Oct-16 22-Oct-16 192.5 (24.7) 102 64 166 0.86 
 Oreti Dipton 20-Oct-16 23-Oct-16 1316.5 (60.1) 749 185 934 0.71 
 Oreti Mossburn 20-Oct-16 22-Oct-16 783.5 (195.9) 364 134 498 0.64 
 Oreti Upper 20-Oct-16 23-Oct-16 1133.5 (197.3) 432 333 765 0.67 
WTC Cook Cook 12-Nov-15 13-Nov-15 289 (1.4) 342 48 390 1.35 
 Hokitika Hokitika 12-Nov-15 13-Nov-15 6 (0) 6 0 6 1.00 
 Maruia North 18-Nov-16 19-Nov-16 245 (0) 85 168 253 1.03 
 Maruia South 18-Nov-16 19-Nov-16 18.5 (7.8) 20 63 83 4.49* 
 Taramakau Taramakau 18-Nov-16 20-Nov-16 324.5 (44.5) 246 86 332 1.02 
 Whataroa North 18-Nov-16 20-Nov-16 389 (188.1) 407 119 526 1.35 
Mean Correction Factor (SE)       0.90 (0.09) 
* excluded from mean because extreme outliers. 
 
The mean annual variability was calculated from regional totals where full nest counts from 2 
consecutive seasons between 2014 and 2016 were available (n = 7). This resulted in a mean of 42.2% 
variability in AON within regions when sampled 2 years apart (range = 14.8 to 79.3%; se = 10.0%). 
Overall, the 2016/17 breeding season was the most complete for nest counts, with a total of 
60,256 nests found. Southland had 55.9% of the breeding population, Canterbury had 34.3%, Otago had 
4.6%, West Coast had 2.6%, North Island had 1.6%, and the remaining 1.0% was in Marlborough and 
Tasman. The proportion of breeding birds in Canterbury is likely different from 34.3% since no ground 
counts were done to develop a correction factor, and the factors used in Table 2.7 could not be applied 























Origins and challenges of historical black-billed gull counts 
The results provide a full count of breeding black-billed gulls for 2016/17. To determine population 
trends, historical data are needed. However, methods used for historical surveys in the South Island are 
largely undocumented, and it is therefore unclear how well the historic counts represent the true past 
population size. McClellan (2008) summarized and reanalyzed Southland counts, and commented that 
ground counts between 1974 and 1986 were primarily done by using nest densities calculated from 3 
colonies for which clear methods were not documented. Densities used for nest calculations varied 
between 1.79 nests/m2 and 4.5 nests/m2 (McClellan 2008). A survey on the Aparima River in 1985 shows 
that some colonies had the area multiplied by 1.5 nests/m2 and others 4.5 nests/m2, resulting in an 
estimate of 25,235 nests or 50,470 individuals (L. Esler, pers. comm.). For flight surveys, the number of 
birds visible in all aerial photos taken between 1995 and 2006 were counted, and all data transformed 
into a number of breeding birds (McClellan 2008). This was done by using a correction factor calculated 
from an estimate of nests compared to the number of individuals counted on aerial photos (McClellan 
2008). Despite a gap of up to 3 weeks between ground nest counts and aerial photos during 2004 and 
2005, these values were used along with better timed counts in 2006 to calculate the ratio of gulls/nest, 
ranging between 0.9 and 3.95 gulls/nest (McClellan 2008). Using unclear methods, a factor of 0.56 
gulls/nest was calculated, and applied to all aerial photo counts upon which subsequent trend analyses 
were based (McClellan 2008). These transformed historical numbers were used to evaluate the threat 
status for black-billed gulls (McClellan 2008; Robertson et al. 2013), but it is likely that the population 
values generated from such calculations over-estimated the actual population on Southland rivers. 
Puetz et al. (2003) found a similar situation in historical counts of rockhopper penguins (Eudyptes 
chrysocome) where counts in the 1930s had been over-estimated by extrapolations of the colony area, 
and Wienecke et al. (2009) found discrepancies in the timing of data collection as well as count methods 
and units thereby leading to a poor understanding of trends in southern giant petrels (Macronectes 
giganteus) populations. 
Nest density and calculating gulls per nest are inaccurate methods of estimating black-billed gull 
populations. For nest density, it is common for a colony to consist of several clusters of nests with 
several metres in-between clusters (Beer 1966; pers. obs.). To obtain accurate estimates, the area of 
these clusters would have to be individually measured, in which case it may be just as efficient to do an 
actual nest count. The substrate on which the colony is placed will also influence the density, where 
larger stones result in reduced densities than smaller stones (pers. obs.). It is also common to see nests 
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being built around clumps of “driftwood” (Beer 1966) or logs, which would also affect calculations using 
density. 
Applying a factor for calculating gulls per nest can also lead to large inaccuracies in colony 
counts. Gulls are highly mobile, and attendance in colonies fluctuates with time and weather (Nisbet 
2001; pers. obs.). For example, 2 week intervals between flights on a Southland river during 2006 
showed fluctuations in number of gulls counted from aerial photographs between 3.7% and 49.3% 
(McClellan 2008). Six surveys during a 2-month period on 4 rivers in Canterbury had substantial 
fluctuations in numbers of birds present (McClellan 2015). Diurnal observations during pre-breeding of 
the closely related red-billed gull also show that occupancy rates vary throughout the day (Mills 1970). 
Evans (1982b) found that in black-billed gull colonies, leaders call out when leaving a colony to forage, 
and this encourages followers to depart as well. The proportion of birds at the colony versus away 
feeding is not understood; consequently, the number of individuals at a colony is continuously changing, 
whereas at least 1 of the 2 birds in a breeding pair will always be present on the nest. The same 
inaccuracies apply if only individual birds are counted with no regard to breeding, as that particular 
count is simply a sample of birds at that present time and cannot be used in population trend analyses 
without understanding how proportions of birds present are affected by temporal and geographic 
factors (Link & Sauer 1998). 
The proportion of non-breeders in the population is also unknown as the variables required to 
calculate this would need to be derived from a long-term banding study, similar to Mills et al. (2008) on 
red-billed gulls, or Klomp & Furness (1992) on great skuas (Catharacta skua). Black-billed gulls also do 
not breed until 2-4 years old (Higgins & Davies 1996), and the plumage of older non-breeding birds is 
indistinguishable from breeding birds. As is the case with other long-lived species, survival of breeding 
adults plays a key role in population dynamics (Schreiber & Burger 2002; Jenouvrier et al. 2005) hence 
breeders should be counted. 
Since black-billed gulls started to breed at Miranda, Firth of Thames, for the first time in 1968, a 
northward breeding range expansion has been suggested with gulls nesting at the Kaipara Harbour, 
Northland, in the 1990s (Gleeson et al. 1972; Powlesland 1998; Taylor 2000). Records show that gulls 
have been breeding at Rotorua since 1932 (Reid & Reid 1965), and these gulls were believed to move to 
the Firth of Thames, or Bay of Plenty coast, during the winter (Black 1955). Consequently, some of them 
may have remained there. Similarly, banded birds from Rotorua were also seen at Taupo (Innes et al. 
1999), and these could have become breeding residents. In addition to the Rotorua colony, black-billed 
gulls have been breeding at Hawke’s Bay since 1945 and Gisborne since 1954 (Reid & Reid 1965), and it 
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is possible that some of the newly recruited birds have been moving to other North Island colonies. Even 
if there is a range expansion, it remains small in the large scale of New Zealand. 
 
Comparisons between 2014/15-2016/17 and 1995/96-1997/98 
In 2016/17, 60,256 nests were counted, which is higher than the 42,905 and 47,996 nests that were 
counted during the seasons of 1995/96 and 1996/97, respectively, during the last attempt to complete a 
national census (Powlesland 1998). The 28,399 nests counted in 1997/98 were much lower than the 
previous 2 seasons (Powlesland 1998), and this is likely due to reduced search and count efforts in the 
key regions of Canterbury and Southland (Table 2.5). The number of colonies in Canterbury was 20 and 
17 in 1995/96 and 1996/97, respectively, and this increased to 25 and 27 in 2015/16 and 2016/17, 
respectively. In Southland, there were 18 and 12 colonies in 1995/96 and 1996/97, respectively, 
compared to 22, 20, and 24 colonies found in 2004/05, 2005/06, and 2006/07, respectively (McClellan 
2008). In 2016/17, there were 43 colonies. 
However, the omission of the West Coast from the 1995-98 census and the large number of 
count gaps in significant rivers, such as the Whitestone, Eyre, Rangitata, and Waimakariri, suggest that 
the 1995/96, 1996/97, 1997/98 counts under-estimated the total national breeding population. The aim 
of the present study had been to calculate a national breeding population based on 3 seasons of data, 
2014-16. This was not possible due to the lack of nest counts during 2014/15, and the lack of surveys in 
Southland and Otago in 2015/16. Consequently, the data gaps along with unclear and undocumented 
survey methods for the 1995-98 census, and the previously-mentioned challenges in regards to 
historical data, makes long-term analyses of population trends difficult. It emphasizes that patchy data 
must be treated with caution, and highlights the importance for the need of consistent and well 
documented methods for future surveys. 
 
Recommendations for future counts 
With the present-day technology, aerial surveys can be quick, efficient, and cost effective, and have 
been widely used for gull surveys elsewhere (Dolbeer et al. 1997; Johnson & Krohn 2001; Mallory et al. 
2009). Sources of error that need to be acknowledged, as outlined by Barbraud & Gelinaud (2005), 
include the number of visits, synchronicity, breeding frequency, observer bias, and nest detectability. 
Nisbet (2001) highlighted the importance of calibration between photo counts and ground 
counts. Because one full count per season is done, it is important to ensure that the majority of colonies 
are at peak breeding by conducting ground surveys before flights. Black-billed gulls are synchronous 
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breeders (Beer 1966; McClellan 2008), and pairs spend very little time at colonies before laying (Beer 
1966); consequently, empty nests were counted as these may be early failed breeding attempts or late 
birds that have yet to lay. O’Connell et al. (1997) found that 27% of empty lesser black-backed gull (L. 
fuscus) nests were never laid in; however, such data do not exist for black-billed gulls and it was 
therefore assumed that an empty nest is equal to one breeding pair. Data on the frequency of breeding 
for black-billed gulls may help explain the inter-annual variation in counts if, for example, black-billed 
gulls are biennial rather than annual breeders. 
For aerial photograph counts, it is important to have observers with experience in gull behaviour 
to aid in the identification of birds on nests. In the current study, consistency was maintained by keeping 
the observers the same across all counts, and errors were further reduced by the correction factor of 
the ground counts. Although Bell (2017) suggests that there was less variability in photo counts of 
individual birds than AONs by 3 observers, there was no significant difference in counts between 
observers using either method in Bell’s (2017) report. Consequently, I suggest it is more appropriate to 
accept slightly higher variability to calculate AONs, which provides useful information in regards to 
numbers of breeding birds, instead of a slightly less variable count of individuals which provides 
uncertain information on minimum population size. Since black-billed gulls nest on open rivers on flat 
ground with little or no vegetation, it is assumed that the nest detection probability on the ground is 
close to one (Barbraud & Gelinaud 2005). It should be noted that colonies at river mouths need to be 
checked on the ground, as red-billed gulls may be present and indistinguishable in photos. This was not 
done in the 2016/17 survey of Canterbury (Bell 2017) and this may have resulted in over-estimates of 
coastal colonies in Canterbury. 
To minimize error, the following key recommendations for future black-billed gull breeding 
population surveys are made: 1) conduct ground surveys at the start of the breeding season to locate 
colonies and ensure aerial surveys are undertaken when the nesting stage is between mid-incubation 
and hatching; 2) when taking photographs from the aircraft, ensure that the photographer zooms in as 
much as possible to be able to clearly see nests in a high quality image; 3) identify colonies of ≤1,000 
nests from photographs and attempt to count as many of those colonies as possible on the ground to 
determine a correction factor to apply to aerial photograph count; 4) conduct ground counts as soon 
after the flights as possible, preferably within 5 days; 5) use the same observers to count all photographs 
to avoid bias and to be able to use the correction factor; and 6) aim to repeat the same surveys over at 
least 2 seasons to account for annual variability. 
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Overall, the 2016/17 national census showed positive results in regards to the black-billed gull 
population. The number of breeding birds is higher than expected, and the trend since the 1990s does 
not fit the predicted decline of >70% over 3 generations which had warranted the ‘Nationally Critical’ 
threat assessment (Robertson et al. 2017). However, although the breeding population appears to have 
increased from 47,996 in 1996/97 to 60,256 in 2016/17, it is important to recall that the omission of key 
rivers, such as the Whitestone and Eyre in Southland, the Rangitata and Waimakariri in Canterbury, as 
well as the entire West Coast region during the 1995-98 census likely under-estimated the breeding 
population. Also, the correction factors and extrapolations, such as nest densities and gulls/nest, used 
for counts in Southland during historical surveys probably vastly over-estimated the population between 
the 1960s and 1980s. 
In summary, it is likely that the black-billed gull numbers are slightly declining or stable; 
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Chapter Three: Phylogeography of the endangered black-billed gulls Larus 
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The dynamics of gene flow, dispersal of organisms, and the potential causes of population structuring 
are important to understand when creating a management plan for a species. This knowledge aids in 
determining the presence or absence of distinct gene pools (Friesen et al. 2007), in providing insights 
into genetic variability within and between populations, and in highlighting the ability of these 
populations to respond to declines over the long term (Riffaut et al. 2005). There are many factors which 
influence the structuring of populations, including both spatial and temporal elements. For marine 
species, environmental factors such as water temperature and currents may dictate the availability of 
resources thereby influencing how individuals move (Congdon et al. 2000). This could in turn affect the 
development of ecological specializations and the likelihood of populations mixing (Congdon et al. 
2000). Population genetics can be used to measure how much and what kind of genetic variation exists 
between populations as well as genetic drift and mating systems (Templeton et al. 1995; Kozakiewicz et 
al. 2017). 
Gulls are in the order Charadriiformes, falling within “seabirds”, and are long-distance fliers 
which generally do not encounter physical barriers (Friesen et al. 2007). Black-billed gulls (Larus bulleri) 
are endemic to New Zealand and exist primarily in the South Island (Higgins & Davies 1996) with 
approximately 1.6% of birds inhabiting the North Island (Mischler 2018). Breeding takes place between 
September to January with birds in the south breeding earlier than birds in the north (Higgins & Davies 
1996; pers. obs.). The gulls are unusual in that they mainly use unvegetated areas on braided rivers as 
breeding sites, but also nest at river mouths, estuaries, lakes, and harbours (Higgins & Davies 1996). 
Colonies are very dense and can have tens or thousands of pairs (Beer 1966; Higgins & Davies 1996). 
Approximately 2-4 days after hatching, chicks leave the nest to form a crèche, protected by a small 
number of adults (Beer 1966). The gulls are assumed to be monogamous with shared incubation and 
chick-rearing duties (Higgins & Davies 1996). 
Unlike the closely related red-billed gull (Larus novaehollandiae scopulinus), which relies on the 
marine environment for feeding, black-billed gulls forage over riffles on braided rivers, short tussock 
grasslands, and grey shrublands in the South Island, feeding on both aquatic and terrestrial 
invertebrates (Boud & Cunningham 1959; Evans 1982a; Higgins & Davies 1996). Since these food 
supplies are patchy and unpredictable, they forage in flocks close to the breeding colony and will desert 
nesting sites early or late in the season if a food source near the colony runs out (Evans 1982b). Since 
their nesting habitat is unstable, group adherence is stronger than site faithfulness to allow the birds to 
maintain safety in numbers while shifting breeding locations (McNicholl 1975). In the non-breeding 
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season, birds congregate along the coast or remain in flocks inland (Higgins & Davies 1996). Birds along 
the southern end of the North Island were assumed to be from the South Island, and birds in the Firth of 
Thames of the North Island were assumed to be from Rotorua and Gisborne (Gurr 1967). 
Overall, few studies have been conducted on black-billed gulls, and movements of these birds 
throughout the year are poorly understood (Taylor 2000). Any data from existing banding projects have 
not been analysed or published, such as one around the Auckland region (T. Habraken, pers. comm.), 
Southland (cohort banding; McClellan 2008), Rotorua (Innes et al. 1999), and Marlborough (M. Bell, 
pers. comm.; pers. obs.). Using the limited available information, the gulls appear to move between 
river catchments as well as nationally between the North and South Island (Innes et al. 1999; McClellan 
2008; M. Bell, pers. comm.; pers. obs.), but adult and juvenile dispersal and hence population structure 
remain unclear. The International Union for Conservation of Nature (IUCN) has listed black-billed gulls as 
‘Endangered’ since 2005 (BirdLife International 2016), and the New Zealand Threat Classification System 
has listed them as ‘Threatened, Nationally Critical’ since 2012 (Robertson et al. 2017), both due to 
suspected rapid population declines. Dispersal and genetics are important factors to include in 
conservation management strategies because the genetics behind population interactions and species 
adaptations are key forces in the functioning of ecosystems (Tautz et al. 2010). 
For management purposes, it is important to define the unit that is being targeted for 
conservation. Fraser & Bernatchez (2001) discuss the pros and cons of previously defined evolutionarily 
significant units (ESUs), and develop the concept of adaptive evolutionary conservation (AEC). This 
concept has no single precise definition because it integrates the benefits of ESUs while allowing 
flexibility in regards to the best means of maintaining adaptive genetic variance within species, while 
also considering divergence and historical isolation (Fraser & Bernatchez 2001). Identifying management 
units (MUs) is important as they outline entities for conservation actions, but the challenge lies within 
assigning a threshold amount of genetic divergence that constitutes individual MUs (Palsbøll et al. 
2007). Here we aim to provide essential information for use in identifying ESUs and MUs in black-billed 
gulls. 
Due to the intricacy of population structures, it is important to use a combination of methods 
such as behavioural and genetic studies to fully understand dispersal and gene flow across a geographic 
area and for species conservation planning (Avise et al. 1992; Austin et al. 1994; Di Giacomo et al. 2015). 
For birds, measures such as banding are restricted by the area that can be surveyed, the time available 
for banding and searching, detectability of individuals, and mark-failures such as band loss (Austin et al. 
1994; Kendall & Nichols 2004; Burridge et al. 2015); consequently, these methods have the potential to 
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miss large-scale changes or low levels of dispersal which affect population structure and gene flow 
(Avise et al. 1992; Austin et al. 1994; Lombal et al. 2018). Populations can undergo changes in genetic 
diversity from drift or reduced dispersal over only a few generations (Di Giacomo et al. 2015). 
Demographic changes affect mitochondrial DNA (mtDNA) and nuclear DNA markers differently 
due to the manner of inheritance and recombination (Ballard & Whitlock 2004; de Mendonҫa Dantas et 
al. 2012). Being maternally transmitted, haploid, and generally having an effective population size ¼ of 
that of nuclear DNA, mtDNA is fast evolving and has highly polymorphic nucleotide sequences among 
individuals (Austin et al. 1994). Mitochondrial DNA is useful for estimating the genetic structure of 
populations across a geographic region due to its sensitivity to random genetic drift, founder events, 
and bottlenecks (Austin et al. 1994), but only represents the maternal history (de Mendonҫa Dantas et 
al. 2012). Whereas mtDNA generally does not undergo recombination, nuclear DNA markers do 
recombine thereby resulting in independent and distinct markers (de Mendonҫa Dantas et al. 2012). 
Nuclear DNA also represents both maternal and paternal histories (de Mendonҫa Dantas et al. 2012). 
Single nucleotide polymorphisms (SNPs) are very useful nuclear DNA markers for population structure 
studies because they cover both coding and non-coding regions, and mutations are understood (Kaiser 
et al. 2017). Due to the complexity and high variability associated with genetic markers when examining 
population-level differences, mtDNA and nuclear DNA do not always show the same result in population 
structure, hence using both markers provides broader insight than using only one (Friesen et al. 2007). 
Most importantly, hybridisation with red-billed gulls has previously been observed (Gurr 1967), and 
using multiple markers can reveal aspects, such as historical mitochondrial introgression, that may 
otherwise not be noticed (Veale et al. 2018). Introgression is the exchange of genetic material between 
two species through hybridisation (Chan & Levin 2005), and is particularly common in Larus gulls (Good 
et al. 2000; Crochet et al. 2002). 
Since genetic studies of black-billed gulls have never been conducted, movements of birds are 
not well understood, and interest in the management of the species is increasing, patterns of population 
structure in black-billed gulls were assessed in this study. Using both mtDNA and nuclear DNA, we 
examined the genetic structure of this species using samples from across its range in New Zealand. We 
determined whether there are separate gene pools or if there is sufficient gene flow between 
catchments, and hypothesized based on previous banding studies that gene flow is high thereby 




Materials and methods 
Sample collection 
Black-billed gull chicks were blood sampled in December and January during 2014/15, 2015/16, and 
2016/17. Chicks were targeted as it is too disruptive to a breeding colony to capture adults due to the 
high density of nests. Blood sampling was conducted randomly from 30 chicks in a crèche, and sampled 
birds were metal banded with a Department of Conservation band to avoid duplicates. If two or more 
chicks were in a nest before crèching, only one was chosen to avoid sampling siblings (Wang 2018). For 
chicks taken from nests (3-5 days old), a stone next to the nest was marked to ensure the chick was 
returned into the appropriate nest. Blood (<20 µL) was taken from the brachial vein in the wing with a 
sterile needle (26G x 1/2″), collected in a glass capillary tube, and stored in 0.5 mL of Queen’s lysis buffer 
solution (10 mᴍ Tris, 10 mᴍ NaCl, 10 mᴍ Na-EDTA, 1% n-lauroylsarcosine; pH 7.5) (Seutin et al. 1991). In 
2014/15, 107 samples from 5 colonies were collected, 120 samples from 4 colonies in 2015/16, and 581 
samples from 21 colonies in 2016/17. 
 
 
Fig. 3.1. Map of New Zealand showing locations of black-billed gull colonies from which chick blood samples were taken and 
analysed (10 colonies, 100 samples reduced to 94 for SNPs, 69 for mtDNA control region). Regions are outlined: AUCK-
Auckland, BOP-Bay of Plenty, CAN-Canterbury, GIS-Gisborne, HKB-Hawke’s Bay, MBH-Marlborough, MWT-Manawatu-




DNA extraction and sequencing 
Mitochondrial control region 
A phenol-chloroform extraction was used to extract genomic DNA from 100 blood samples (Sambrook et 
al. 1989) chosen from 10 colonies across the range (Fig. 3.1). To aid primer design to access the control 
region, the total purified genomic DNA from one blood sample was sequenced on the Illumina platform 
(MiSeq 2X250 PE, V2) by New Zealand Genomics Ltd. The DNA reads from this single sample were BLAST 
searched using GENEIOUS software (v.9.0.5, Biomatters, New Zealand) against 2,043-base pair 
mitochondrial region containing partial ND6 gene, full control region, and partial 12S gene of the black-
headed gull (Chroicocephalus ridibundus; NCBI Accession no: FM209696.1). A total of 34 black-billed gull 
reads were identified, which included 22 reads covering 659-base pair of the central black-billed gull 
control region. A primer pair to amplify the entire control region (c. 1200-base pair) from the ND6 gene 
to the 12S gene was designed with Primer3 (web version, http://primer3.ut.ee) using the identified 
reads for the ND6 and 12S genes. The primers were BBG_CR_ND6_1F (5’-CCCCAGAACAAAACACAACC-3’) 
and BBG_CR_12S_1R (5’-CCCGCTCCTCTCTCCTTAGT-3’). The control region fragment was amplified in a 
25 µL reaction volume containing 25ng of DNA, 1 x NH4 buffer, 1.5 mM MgCl2, 200 mM dNTPs, 0.4 pmol 
of each primer, and 0.5 units of Taq polymerase (Bioline USA, Inc, Randolph MA) or in a 10 µL reaction 
volume containing 15ng of DNA, 10 µM of each primer, and 2 units of MyFi Mix (Bioline USA, Inc, 
Randolph MA). Thermal cycling consisted of 5-min denaturation at 94ᵒC, 10 touchdown cycles of 
94ᵒC/30 sec, 62ᵒC→52ᵒC/30 sec (decrease of 1ᵒC per cycle), 72ᵒC/90 sec, finishing with 30 cycles of 
94ᵒC/30 sec, 50ᵒC/30 sec, and 72ᵒC/90 sec. Purified PCR products (Acroprep 96 filter plates, PALL 
Corporation) were sequenced (BigDye Terminator v.3.1, ThermoFisher) on an ABI 3730xl DNA analyser 
(Applied Biosystems Inc.). Due to difficulty sequencing through the control region “goose hair pin” and a 
poly-T stretch (c. 10-base pair) in the center of the control region with the ND6 and 12S primers, two 
internal control region primers, BBG_CR_INT_R1 (5’-GCCCTGACATAGGAACCAGA-3’) and 
BBG_GOOSEHAIRPIN_F1 (5’-ACATCCCTCCCCAACACAT-3’) were used to sequence a 597-base pair 
fragment of the first domain of the control region. 
Sequences were aligned with the GENEIOUS software (v.9.0.5, Biomatters, New Zealand) using 
the Geneious global alignment. Variable sites in consensus sequences were verified by visual inspection 
of chromatograms. Of the 100 extracted DNA samples, 69 samples were able to be amplified with 
sequences produced. The 1,207-base pair D-loop region sequence of the common gull (Larus canus) was 
used as an outgroup (NCBI Accession no: AB208768.1) and trimmed to fit the sequence lengths of the 
black-billed gulls following alignments done in GENEIOUS. The 221-base pair D-loop domain region I 
53 
 
sequence of the red-billed gull (NCBI Accession no: AY584133.1) was adjusted to fit the sequence 
lengths of the black-billed gulls following alignments done in GENEIOUS, and solely used as a basis for 
determining how closely it matched the black-billed gull. Equally, a published 430-base pair L. bulleri 
control region sequence (NCBI Accession no: FM209657) was adjusted and aligned for comparisons. 
 
Mitochondrial cytochrome b 
The mtDNA control region analyses showed the presence of two major clades, a small clade separated 
from a large clade without any geographical pattern (Fig. 3.2). To understand this result and determine if 
it is due to the presence of nuclear copies of mitochondrial genomes or indicative of introgression, the 
cytochrome b gene was examined in a selection of seven samples, 4 from the small clade and 3 from the 
large clade. Samples were chosen from Ashburton, Ahuriri, Clifden, and Taramakau to match the control 
region samples of the small clade. A ~1,000-base pair fragment containing the entire cytochrome b gene 
was amplified using PCR primers H16064 (5’-CTTCAGTTTTTGGTTTACAAGACC-3’) and L14764 (5’-
TGRTACAAAAAAATAGGMCCMGAAGG-3’) (Sorenson et al. 1999). A 10 µL reaction volume containing 
15ng of DNA, 10 µM of each primer, and 2 units of MyFi Mix (Bioline USA, Inc, Randolph MA) was used 
for amplification, and thermal cycling consisted of 5-min denaturation at 95ᵒC, 10 touchdown cycles of 
95ᵒC/20 sec, 64ᵒC→54ᵒC/25 sec (decrease of 1ᵒC per cycle), 72ᵒC/70 sec, finishing with 25 cycles of 
95ᵒC/20 sec, 50ᵒC/25 sec, and 72ᵒC/70 sec. Purified PCR products (Acroprep 96 filter plates, PALL 
Corporation) were sequenced (BigDye Terminator v.3.1, ThermoFisher) on an ABI 3730xl DNA analyser 
(Applied Biosystems Inc.) with one primer, L14764. 
Sequences were aligned with GENEIOUS using the Geneious global alignment. All seven samples 
were amplified and sequences produced, and aligned with a 1,143-base pair cytochrome b sequence of 
the red-billed gull (NCBI Accession no: FM209918) and a 1,143-base pair cytochrome b sequence of a 
black-billed gull (NCBI Accession no: FM209900.1) as comparisons and to determine the presence of 
introgression. This alignment was used to draw a neighbor-joining tree in the GENEIOUS software.  
 
Single nucleotide polymorphisms (SNPs) 
Single nucleotide polymorphisms (SNPs) may include variation at many thousands of loci, thereby giving 
a detailed estimate of genome-wide variation. Southern hybridisation testing involved using restriction 
enzymes and size selection to sequence a portion of the genome thereby resulting in a high number of 
reads per sequencing effort, and this technique determined that Genotyping by Sequencing (GBS) using 
a single enzyme digest approach was best for black-billed gulls (Dodds et al. 2015). Genomnz Animal 
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Genomics Group (AgResearch, New Zealand) carried out the GBS. A total of 94 (plus two controls for 
data quality assurance) of the 100 phenol-chloroform extracted DNA samples mentioned above for the 
mtDNA control region were screened using methods of Dodds et al. (2015). 
Bioanalyser traces (2100 Bioanalyser, Agilent Technologies, Santa Clara, United States) indicative 
of single sequences in the region of interest were used to determine the best restriction enzyme to use 
for digesting genomic DNA. For black-billed gulls, the restriction enzyme ApeKI (R0643L, New England 
Biolabs, Ipswich, United States) was selected, and sample-specific barcode adapters were ligated to the 
sticky ends of fragments after digestion. A multiplexed library was used to pool barcoded individuals 
into a DNA sequencing library in the 193- to 313-base pair size range, followed by PCR amplification in 
multiples of 4. Individuals were pooled again into a library and cleaned-up by column, purified and size-
selected via a Pippin (SAGE Science, Beverly, United States; 2% agarose, dye-free with internal standards 
CDF2050, Marker L CDF2010). Sequencing of library was done on Illumina HiSeq2500 with single-end 
reads, and 101 cycles in high-output mode (v4 chemistry; Dodds et al. 2015). 
A second GBS library was constructed due to a low sequencing depth using the above method. 
The size range used on the Pippin window was modified to 193- to 255-base pairs to give a subset of 
DNA fragments and therefore an increase in sequencing depth. This was run as an additional lane on the 
Illumina HiSeq2500 under the same conditions outlined above. 
Methods outlined by Dodds et al. (2015) were followed for quality checks and adapter removals. 
In summary, FastQC v.0.10.1 (www.bioinformatics.babraham.ac.uk/projects/fastqc/) was used to check 
raw fastq files. After adapters were removed with cutadapt, a random 10,000 reads per lane were 
checked for contamination using BLAST against the NR database (Martin 2011). Outlines in Dodds et al. 
(2015) and Benestan et al. (2016) were used to create a SNP loci catalogue. UNEAK Tassel v.3.0.170 (Lu 
2013) trimmed raw reads to 64-base pairs, grouped matching reads into tags, and arranged mismatched 
tag pairs as candidate SNPs. UNEAK settings were: i) -UFastqToTagCountPlugin -c 1 -e ApeKI selected 
reads with a barcode, cut site, and no missing data; ii) barcodes, sequences with a second cut site, and 
common adapters were trimmed; iii) -UMergeTaxaTagCountPlugin -m 600000000 -x 100000000 -c 5 
ensured that a tag must be present at least 5 times to be output thereby removing rarities from 
sequencing errors; iv) -UTagCountToTagPairPlugin -e 0.03 allowed an error rate of up to 0.03 when 
identifying SNPs with 1-base pair mismatch; and v) -UMapInfoToHapMapPlugin -mnMAF 0.03 -mxMAF 
0.5 -mnC 0.1 specified HapMap outputs to fall within an allele frequency of 0.03 to 0.5, with a minimum 





Fig. 3.2. Bayesian tree of black-billed gulls using the first domain of the mitochondrial DNA control region (n = 69). Posterior 
probabilities are shown above the branches. The scale depicts the distance corresponding to 0.005 nucleotide substitutions per 
site. Blue rectangle on the tree contains the locations corresponding to the blue squares on the inset map highlighting the 





KGD (Kinship using GBS with Depth adjustment, https://github.com/AgResearch/KDG) was used 
for additional quality control, following Dodds et al. (2015). Allele frequencies and sequence depths 
were evaluated, and SNP call rates and their minor allele frequencies (MAFs) were calculated. A fin-plot 
of MAFs versus Hardy-Weinberg disequilibrium (observed frequency of the reference allele homozygote 
minus its expected value) highlighted SNP average depth and pinpointed SNPs with non-Mendelian 
inheritance. High-depth and high MAF are assumed to represent genome duplication or repetitive 
regions (Dodds et al. 2015); consequently, SNPs with Hardy-Weinberg disequilibrium below -0.05 were 
removed to prevent including SNPs that were not assembled properly. 
Unfiltered, 402,672 SNPs were obtained, and these were filtered at three different levels where 
5%, 10%, and 25% of missing data were permitted per locus. Individuals were also filtered, so that only 
individuals with >50% of the SNPs were retained. Genotypic data were converted for subsequent 
population genomic analyses using PGDSpider v. 2 (Lischer & Excoffier 2012).  
 
Data analysis 
Mitochondrial control region 
For phylogenetic analyses, the Akaike information criterion (AIC) in JMODELTEST 2 (Darriba et al. 2012) 
was used to determine the best fit model for sequence evolution. The selected model was TVM+G, with 
nucleotide frequencies of A=0.2434, C=0.2993, G=0.1564, T=0.3010 and gamma shape 
parameter=0.2660. The population structure was examined with maximum-likelihood and Bayesian 
tree-based methods by using the above-mentioned calculated model parameters. Maximum-likelihood 
analyses were carried out in IQ-TREE 1.6.3 (Nguyen et al. 2015; Trifinopoulos et al. 2016; Hoang et al. 
2017) with 1,000 bootstrap replicates to determine node support. 
MRBAYES v.3.2.1 was used to construct a Bayesian tree, and to calculate posterior probability 
values (Ronquist & Huelsenbeck 2003) by applying the previously mentioned best fit model parameters. 
The Monte Carlo Markov Chain (MCMC) analysis of phylogeny in the MRBAYES software carried out 2 
independent runs for 2 million generations, sampling every 500 generations following a burn-in of 25%. 
MCMC convergence was examined by calculating effective sample size (ESS) and generating likelihood 
plots in TRACER v.1.5 (Rambaut & Drummond 2007). All trees were visualized and adjusted in Figtree 
v.1.4 (Rambaut 2012), and rooted with the Larus canus outgroup. A median-joining network to explore 





Fig. 3.3. Median-joining haplotype network of black-billed gulls using 597-base pairs of the first domain of the mitochondrial 
DNA control region sequences (n = 29 haplotypes). Shared haplotypes are indicated by circles which are proportional to the 
number of individuals sharing that haplotype. Cross-hatches are indicative of the number of nucleotide differences between 
haplotypes. Colours show individual catchments. 
 
MEGA7 was used to calculate pairwise genetic distances among individuals with the maximum 
composite likelihood model (Kumar et al. 2016). The best-fit model parameters from TVM+G were 
applied where the rate of variation among sites was modeled with gamma distribution and a shape 
parameter of 0.27. Uncertain positions were deleted, and 500 bootstrap replicates were completed to 
determine variance. All 69 sequenced individuals were initially included in the pairwise calculations; 
however, once introgression was identified, the calculations were conducted again using only the 
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individuals in the large clade as these are assumed to be “pure” black-billed gulls (58 individuals; Fig. 
3.2). Removing the individuals in the small clade (11 individuals; Fig. 3.2) prevented skewing of the range 
of pairwise distance values caused by the hybridisation with red-billed gulls. 
Statistical analyses were carried out in DNASP v.6.1 (Rozas et al. 2017) between river 
catchments, North versus South Islands, and overall. Nucleotide diversity (π) and haplotype diversity (ɧ) 
provide insight into genetic diversity. Nei’s (1982) pairwise gammaST (γSt) was also calculated between 
river catchments to determine genetic diversity, and carried out over 1,000 permutations to test for 
significance. As above, all 69 sequenced individuals were initially included in the calculations; however, 
once introgression was identified, the calculations were conducted again using only the individuals in 
the large clade (58 individuals; Fig. 3.2). Removing the individuals in the small clade (11 individuals; Fig. 
3.2) prevented skewing of values caused by the hybridisation with red-billed gulls. 
 
SNP genomics 
fastSTRUCTURE v.1.0 was used to determine genetic structure among the different catchments (Raj et 
al. 2014). K was set from 1 to 8, and default parameters were used along with a logistic prior. The 
chooseK.py command selected the most suitable number of model components to explain any genetic 
structure (Raj et al. 2014). DISTRUCT v.1.1 was used to visualize the clusters (Rosenberg 2004). 
The R package ADEGENET (Jombart et al. 2010) was used to run discriminant analysis of 
principal components (DAPC) retaining 30 principle components. Data were pooled per catchments 
before running the program to construct and visualize the composition of DAPC clusters, thereby also 
creating a composition plot. 
The R package DIVERSITY v.1.9.9 (Keenan et al. 2013) was used to calculate the pairwise 
population and locus-specific FST (Weir & Cockerham 1984). ARLEQUIN v.3.5 (Excoffier & Lischer 2010) 
tested the hypothesis of departure from panmixia and hence the statistical significance of each pairwise 
FST value between catchments with 110 random permutations. The pairwise population FST values were 
then run and visualized in SplitsTree4 (Huson & Bryant 2006) to create a two-dimensional UPGMA tree 
(Bryant & Moulton 2004) based on 51,811 SNPs. The Isolde program in GENEPOP v.4.2 tested for 
Isolation by Distance (IBD), both for the complete dataset and on a reduced dataset consisting of only 




Table 3.1. Genetic variation at 597-base pairs of mitochondrial control region domain I in New Zealand black-billed gull 
populations, calculated using a) all individuals sampled, and b) only the individuals from the larger of the two main clades 
shown in Fig. 3.2 to reduce any potential bias caused by hybridisation with red-billed gulls (individuals in the smaller of the two 
main clades). n-sample size, h-number of haplotypes, ɧ-haplotype diversity, π-nucleotide diversity. 
a) 
Island Region Area/River n h ɧ π 
North Bay of Plenty Rotorua 6 6 1.000 0.006 
 Wellington Wairarapa 7 4 0.810 0.006 
Overall North - - 13 7 0.872 0.006 
South Marlborough Wairau 7 4 0.714 0.007 
 West Coast Taramakau 6 4 0.800 0.016 
 Canterbury Hurunui 7 7 1.000 0.008 
  Ashburton 8 6 0.929 0.022 
  Ahuriri 7 7 1.000 0.029 
 - - 22 17 0.970 0.021 
 Southland Oreti 7 7 1.000 0.007 
  Mataura 6 6 1.000 0.031 
  Clifden 8 7 0.964 0.026 
 - - 21 16 0.976 0.023 
Overall South - - 56 28 0.944 0.020 




Island Region Area/River n h ɧ π 
North Bay of Plenty Rotorua 6 6 1.000 0.006 
 Wellington Wairarapa 7 4 0.810 0.006 
Overall North - - 13 7 0.872 0.006 
South Marlborough Wairau 7 4 0.714 0.007 
 West Coast Taramakau 5 3 0.700 0.003 
 Canterbury Hurunui 7 7 1.000 0.008 
  Ashburton 6 5 0.933 0.005 
  Ahuriri 4 4 1.000 0.011 
 - - 17 14 0.971 0.008 
 Southland Oreti 7 7 1.000 0.007 
  Mataura 3 3 1.000 0.008 
  Clifden 6 5 0.933 0.009 
 - - 16 13 0.975 0.008 
Overall South - - 45 24 0.927 0.007 




Table 3.2. Black-billed gull genetic differentiation matrix of pairwise gammaST (γSt) of mitochondrial control region domain I (597 
base pairs) between catchments, using a) all individuals sampled, and b) only the individuals from the larger of the two main 
clades shown in Fig. 3.2 to reduce any potential bias caused by hybridisation with red-billed gulls (individuals in the smaller of 
the two main clades). Bold indicates significant differences from 0 (p<0.05). Ahu-Ahuriri, Ash-Ashburton, Huru-Hurunui, Wai-
Wairau, Tara-Taramakau, Ore-Oreti, Cli-Clifden, Mat-Mataura, Wairap-Wairarapa, Rot-Rotorua. 
a) 
 Ahu Ash Huru Wai Tara Ore Cli Mat Wairap 
Ash 0.05         
Huru 0.21 0.10        
Wai 0.19 0.09 0.07       
Tara 0.09 0.02 0.11 0.07      
Ore 0.21 0.12 0.05 0.11 0.13     
Cli 0.04 0.04 0.11 0.11 0.07 0.12    
Mat 0.02 0.06 0.24 0.24 0.11 0.26 0.07   
Wairap 0.21 0.10 0.07 0.06 0.08 0.09 0.11 0.26  




 Ahu Ash Huru Wai Tara Ore Cli Mat Wairap 
Ash 0.12         
Huru 0.10 0.05        
Wai 0.08 0.06 0.07       
Tara 0.17 0.07 0.11 0.06      
Ore 0.08 0.07 0.05 0.11 0.15     
Cli 0.07 0.20 0.14 0.16 0.27 0.14    
Mat 0.12 0.06 0.04 0.06 0.14 0.06 0.16   
Wairap 0.08 0.05 0.07 0.06 0.06 0.09 0.13 0.10  




Mitochondrial control region 
Sequencing and phylogenetic analysis 
There were 69 individuals for which mtDNA control region domain I sequences were obtained. The 
fragments consisted of 597-base pairs with 29 haplotypes. Bayesian and likelihood analyses of the 
mtDNA sequences showed no distinct genetic split between North versus South Island, between regions 
(Bay of Plenty, Wellington, Marlborough, West Coast, Canterbury, and Southland), or between river 
catchments (Rotorua, Wairarapa, Wairau, Taramakau, Hurunui, Ashburton, Ahuriri, Mataura, Oreti, and 
Waiau). Trees for IQ-TREE and MRBAYES were similar; therefore, only the Bayesian tree is shown along 
with posterior probability (Fig. 3.2). The analyses revealed 2 major clades but without a specific 
geographic pattern, with the larger of these two clades containing 58 individuals and the smaller one 
containing 11 (Fig. 3.2). The individuals in the large clade closely matched the published L. bulleri control 
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region sequence (NCBI Accession no: FM209657; sequence lengths adjusted to 430-base pairs), with the 
most commonly observed haplotype (BBG004_Ash) in this clade differing from the published sequence 
by one base pair. The individuals in the smaller of these two clades closely matched the published red-
billed control region sequence (NCBI Accession no: AY584133.1; sequence lengths adjusted to 221-base 
pairs) with the most commonly observed haplotype (BBG002_Ash) in this clade also differing from the 
published sequence by one base pair. The median-joining haplotype network showed the same split 
with 17 mutational steps between the two main clades with no clear separation of specific river 
catchments (Fig. 3.3). The most frequently shared haplotype overall (shown as BBG004_Ash; Fig. 3.3) 
was found in 7 catchments/6 regions and therefore exists across the entire New Zealand geographic 
range, both North and South Islands. 
 
Table 3.3. Black-billed gull genetic differentiation matrix (FST) between catchments across New Zealand from SNPs. Bold 
indicates significant differences from 0 (p<0.05). Ahu-Ahuriri, Ash-Ashburton, Huru-Hurunui, Wai-Wairau, Tara-Taramakau, Ore-
Oreti, Cli-Clifden, Mat-Mataura, Wairap-Wairarapa, Rot-Rotorua. 
 
 Ahu Ash Huru Wai Tara Ore Cli Mat Wairap 
Ahu          
Ash 0.006         
Huru 0.004 0.002        
Wai 0.005 0.005 0.002       
Tara 0.004 0.007 0.004 0.006      
Ore 0.005 0.010 0.007 0.009 0.007     
Cli 0.006 0.010 0.009 0.011 0.007 0.003    
Mat 0.004 0.008 0.007 0.006 0.005 0.002 0.003   
Wairap 0.014 0.015 0.011 0.015 0.014 0.020 0.022 0.017  
Rot 0.033 0.035 0.028 0.035 0.033 0.037 0.043 0.037 0.021 
 
Pairwise genetic distances, genetic variation (haplotype and nucleotide diversity), and pairwise 
gammaST (γSt) were calculated between all 69 individuals as well as for the large clade individuals only 
(58; Fig. 3.2). Once introgression was determined, the 11 individuals from the smaller of the two major 
clades (Fig. 3.2) were removed to prevent skewing of values caused by hybridisation with red-billed 
gulls. Both scenario results are shown to illustrate the difference in values caused by introgression. 
When comparing all individuals, distances ranged from 0.001-0.072 (Appendix B, Fig. B.1). Between 
regions, individual pairwise genetic distances varied most in Southland (0.001-0.072) and Canterbury 
(0.001-0.066), followed by 0.001-0.060 in West Coast, 0.001-0.052 in Bay of Plenty, 0.001-0.018 in 
Marlborough, and 0.001-0.012 in Wellington. Mean genetic distances within catchments ranged 
between 0.007 in Wairarapa to 0.039 in Mataura, as well as 0.013 and 0.022 in the North and South 
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Island, respectively. When comparing large clade birds only, distances ranged from 0.001-0.021 
(Appendix B, Fig. B.2). Between regions, individual pairwise genetic distances varied most in Southland 
(0.001-0.020) and Marlborough (0.001-0.019) followed by Canterbury (0.001-0.018), Bay of Plenty 
(0.001-0.013), Wellington (0.001-0.012), and West Coast (0.001-0.007). Mean genetic distances within 
catchments ranged between 0.003 in Taramakau to 0.012 in Ahuriri, as well as 0.006 and 0.008 in the 
North and South Island, respectively. 
 
 
Fig. 3.4. Neighbour-joining tree of black-billed gulls from across New Zealand using SNPs based on relatedness estimates 
derived from KGD (n = 94 individuals). Colours correspond to location of sampled catchments in map inset. 
 
When examining number of haplotypes within catchments for all 69 individuals, Hurunui, 
Ahuriri, Oreti, and Clifden have the most (7 each), with Wairau, Wairarapa, and Taramakau having the 
fewest (4 each; Table 3.1a). Canterbury region has 17 haplotypes, and Southland region has 16, with the 
North Island having 7 and the South Island having 28 (Table 3.1a). When examining number of 
haplotypes within catchments for the large clade birds, Hurunui and Oreti have the most (7 each), with 
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Taramakau and Mataura having the fewest (3 each; Table 3.1b). Canterbury region has 14 haplotypes, 
and Southland region has 13, with the North Island having 7 and the South Island having 24 (Table 3.1b). 
Mitochondrial diversity was examined using haplotype diversity (ɧ) and nucleotide diversity (π; 
Table 3.1a, b). Across all individuals, haplotype diversity is high for within catchments, regions, and 
between North and South Island (Table 3.1a). For catchments, it ranges from 0.714 in Wairau to 1.000 in 
Rotorua, Hurunui, Ahuriri, Oreti, and Mataura. Regionally, it ranges from 0.714 in Marlborough to 1.000 
in Bay of Plenty. The North Island has a lower overall haplotype diversity (0.872) than the South Island 
(0.944). Nucleotide diversity has a large range between individual catchments, 0.006 in Wairarapa and 
Rotorua to 0.031 in Mataura. Regionally, the range is between 0.006 in Wellington and Bay of Plenty to 
0.023 in Southland. The North Island has a lower nucleotide diversity (0.006) than the South Island 
(0.020). For large clade birds only, haplotype diversity is lower than when all individuals were included 
(Table 3.1b). For catchments, it ranges from 0.700 in Taramakau to 1.000 in Rotorua, Hurunui, Ahuriri, 
Oreti, and Mataura. Regionally, it ranges from 0.700 in West Coast to 1.000 in Bay of Plenty. The North 
Island has a lower overall haplotype diversity (0.872) than the South Island (0.927). Nucleotide diversity 
varies from 0.003 in Taramakau to 0.011 in Ahuriri. Regionally, the range is between 0.003 in West Coast 
to 0.008 in Canterbury and Southland. The North Island has a lower nucleotide diversity (0.006) than the 
South Island (0.007). 
Nei’s (1982) pairwise gammaST (γSt) genetic diversity estimates further support the lack of 
differentiation between catchments (Tables 3.2a, b). Across all individuals, some of the γSt values 
between catchments appear high, such as the value between Mataura and Oreti (0.26), or between 
Ahuriri and Hurunui (0.21); however, the majority of values are low (Table 3.2a). For the large clade 
birds, values are lower than in Table 3.2a, with the highest value between Clifden and Taramakau (0.27; 
Table 3.2b). 
 
Mitochondrial cytochrome b 
No detailed analyses were done on the mitochondrial cytochrome b sequences. The 7 cytochrome b 
sequences were examined to assist the explanation behind the two main clades seen in the Bayesian 
tree (Fig. 3.2), to determine if the smaller of the two main clades was due to the presence of nuclear 
copies of mitochondrial genomes or indicative of introgression. The neighbor-joining tree of cytochrome 
b (Appendix C, Fig. C.1) showed the same split as was seen for the corresponding control region 
sequences. The 4 birds chosen from the small clade in Fig. 3.2 (BBG002_Ash, BBG014_Ahu, 
BBG043_Tara, BBG023_Clif) were aligned with the published 1,143-base pair cytochrome b sequence of 
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the red-billed gull (NCBI Accession no: FM209918; sequence lengths adjusted to 868-base pairs) with a 
close match of only one base pair difference between the 4 sequenced individuals and the published 
sequence (Appendix C, Fig. C.1). The 3 birds chosen from the large clade in Fig. 3.2 (BBG009_Ash, 
BBG012_Ahu, BBG029_Clif) were aligned with the published 1,143-base pair cytochrome b sequence of 
a black-billed gull (NCBI Accession no: FM209900.1; sequence lengths adjusted to 869-base pairs) with a 
close match of only one base pair difference between the 3 sequenced individuals and the published 
sequence (Appendix C, Fig. C.1).  
 
 
Fig. 3.5. UPGMA tree showing population divergence of black-billed gulls in New Zealand as measured by FST from SNPs (n = 92 
individuals). Colours correspond to location of sampled catchments in map inset. 
 
SNPs 
Unfiltered, 402,672 SNPs were obtained for 94 individuals. Three different levels of filtering were 
performed where 5%, 10%, and 25% missing data were permitted per locus, giving a total of 15,095, 
51,811, and 176,298 SNPs retained, respectively. The performance and outputs of all three of these 
datasets were compared with multiple analyses and these were essentially identical: pairwise FST values 
between populations were identical when regressed (y = 0.9327x - 5E-06 R² = 0.9983), the same number 
of optimal clusters were recorded in both fastSTRUCTURE and in DAPC, and clustering plots were 
visually indistinguishable. Therefore, values obtained with the 10% missing data per locus are presented 
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throughout for consistency. The 10% missing data were chosen to represent the middle value of the 
three percentages (5, 10, 25%). 
Based on the relatedness estimates derived from KGD, two individuals from Rotorua were highly 
divergent from all others sampled, and appeared to be divergent enough to be red-billed gulls that had 
mistakenly been sampled (Fig. 3.4). This possibility was discussed with the sampler, who collected the 
Rotorua blood samples, and confirmed that it was possible that these individuals were misidentified 
since Rotorua is a mixed colony of red-billed and black-billed gulls. An mtDNA control region sequence 
was obtained (and excluded from all mtDNA analyses) for only one of these two individuals 
(BBG078_Rot), and this sequence matched with the red-billed gull. Given the extreme divergence of 
these two individuals and the potential biases caused by including misidentified individuals from a 
different species, they were excluded from subsequent analyses on clustering and population 
connectivity. Unlike the two above-mentioned individuals, the 11 birds in the small clade of Fig. 3.2 
which were indicative of introgression when mitochondrial markers were analysed did not diverge in the 
relatedness estimates derived from KGD. This suggests mito-nuclear discordance where the presence of 




Fig 3.6. Visualization of the optimal number of clusters determined by fastSTRUCTURE to explain genetic structure seen in 




The neighbor-joining tree of individuals created from SNP data splits the North and South 
Islands catchments into two major clades (Fig. 3.4). Within the South Island clade, there are several 
additional clades but branch lengths between clades are short. A probable Isolation By Distance (IBD) 
pattern is visible in this figure, with lower latitude populations (red/orange) at the top, moving down to 
higher latitude populations (blue/purple) at the bottom (Fig. 3.4). 
Genetic variation between catchments as measured by FST was generally low, ranging from 
0.002 and 0.043 (Table 3.3). The highest values were between Rotorua and Clifden (0.043). The two 
North Island catchments of Rotorua and Wairarapa had higher pairwise FST values (0.011 to 0.043) than 
the South Island catchments (0.002 to 0.011). All North Island values were significantly different from 
the South Island. The lowest FST values with a p-value <0.05 were between Hurunui and Ahuriri (0.004) 
and between Taramakau and Hurunui (0.004). 
 
 
Fig. 3.7. Discriminant analysis of principal components (DAPC) scatterplot of SNPs from 10 black-billed gull colonies sampled 
across New Zealand. Individuals (n = 92 individuals) are shown as dots with the majority grouped within ellipses. Names 
correspond to catchments sampled, and the colours correspond to the map showing the catchment location within New 
Zealand. 
 
The UPGMA tree created by FST measurements shows three clear groupings (Fig. 3.5). Rotorua is 
highly divergent from the rest of the catchments, while Wairarapa is also separated but not as strongly 
as Rotorua. Taramakau and Ahuriri are removed from other South Island catchments. Wairau, 
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Ashburton, and Hurunui are catchments on the east coast of the South Island, and group together. 
Clifden, Oreti, Mataura, which are southern South Island catchments, also group together. Highly 
significant levels of IBD were found across all catchments (North and South Islands) (p<0.0001), and 
when tests were conducted among the South Island populations (excluding Rotorua and Wairarapa), the 
IBD values remained significant (p=0.002). 
The optimal number of clusters as determined in fastSTRUCTURE that maximizes marginal 
likelihood was k=1; however, the optimal model components that best explained structure in the data 
was k=2. When these results were visualized, the second cluster revealed that Wairau and Ashburton 
contributed to some of the ancestry of the North Island birds (Fig. 3.6). 
 
Fig. 3.8. Composition plot showing the membership in discriminant analysis of principal component (DAPC) clusters of black-
billed gull SNPs from across New Zealand (n = 92 individuals). Labels on the x-axis correspond to individual catchments sampled. 
 
The fine-scale genetic structuring of catchments established by the DAPC analyses primarily 
supported two clusters (Fig. 3.7). Rotorua (North Island) was identified as one cluster, and the eight 
South Island catchments along with Wairarapa (North Island), as another cluster. There was minor 
support for a third cluster, which would isolate the Wairarapa catchment. There appears to be slight 
grouping among the South Island, with Clifden, Oreti, and Mataura overlapping in the southern part of 
the island, Taramakau and Ahuriri overlapping in the centre, and Ashburton, Hurunui, and Wairau 
overlapping in the north. However, there was not enough support in the DAPC analyses to justify 
separate clusters amongst South Island colonies. The composition plot shows the membership of each 
sampled individual to the pre-assigned catchment groups (Fig. 3.8). This plot supports the cluster output 
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(Fig. 3.7) by showing that Rotorua is distinct by having no membership of any of the other 9 catchments. 
Wairarapa is also nearly distinct but it does have minor membership of Ashburton, Hurunui, and 
Taramakau (Fig. 3.8). The Wairau group is marginally different from the remaining 7 South Island 
catchments in that 6 out of the 9 sampled individuals have no other membership. Individuals in 
Ashburton and Hurunui appear to have approximately half membership from each respective 
catchment, and Taramakau has membership from all catchments except Wairau and Rotorua. Rates of 
self-assignment versus mixed or incorrect assignment can be clearly seen in Figure 3.9 where most gulls 
from Rotorua and Wairarapa had high assignment proportions to their population, while gulls from 
other populations had less certain assignment, usually mixed with geographically nearby populations 
indicating minimal population divergence between these colonies. 
 
 
Fig. 3.9. DAPC assignment plot showing the cluster membership probability for each of the black-billed gulls to each of the 10 
sampled populations (n = 92 individuals). Red indicates high assignment probability, white indicates low assignment probability, 





In our study of black-billed gull genetic structure in New Zealand, results from mtDNA markers were 
discordant with nuclear DNA markers (SNPs). For the mtDNA domain I in the control region, two major 
clades were present with no geographical structure, representing historical mitochondrial introgression 
with red-billed gulls. The SNPs analyses of the nuclear DNA showed differentiation between the North 
Island populations (particularly Rotorua) and the remaining populations, and a general pattern of 
isolation by distance for the South Island colonies. 
 
Mitochondrial DNA – control region, domain I 
Mitochondrial DNA control region analyses showed no genetic structure between populations. The two 
major clades in the Bayesian tree and haplotype network (Figs. 3.2, 3.3) were also seen in the analysis of 
a small sample of cytochrome b (Appendix C, Fig. C.1). Since the sequences in the smaller of the two 
major clades in both the control region and cytochrome b were nearly identical to the red-billed gull, 
mitochondrial introgression has likely occurred between these two species (discussed below). Haplotype 
diversity is high, both with and without the 11 hybridised individuals from the small clade in Fig. 3.2 
(Tables 3.1a, b). Nucleotide diversity shows a large range within regions and islands when all individuals 
were analysed (Table 3.1a), but the range was reduced when the 11 hybridised individuals were 
removed from the analysis (Table 3.1b). Therefore, nucleotide diversity was primarily affected by the 
presence of the introgressed red-billed gull mitochondrial signal. A high haplotype and low nucleotide 
diversity indicates many haplotypes but with only minor differences between them (Weston & 
Robertson 2015). The North Island has lower haplotype and nucleotide diversity than the South Island 
probably due to the lower number of colonies sampled than in the South Island (Tables 3.1a, b), or 
because the North Island only contains approximately 1.6% of the total population (Mischler 2018). 
Similar to the genetic variation analyses discussed above, pairwise genetic distances and 
gammaST values are higher and more variable when all 69 individuals were examined than with only the 
large clade birds from Fig. 3.2 (Appendix B, Figs. B.1, B.2; Tables 3.2a, b). This further illustrates the 
effect of the introgressed red-billed gull mitochondrial signal. For large clade birds only (Appendix B, Fig. 
B.2; Table 3.2b), the low genetic distances and gammaST values suggest gene flow or recent divergence. 
Numerous factors influence genetic structure, such as gene flow, isolation by distance, historical 
fragmentation, range expansion, long-distance colonization, land/ice barriers, or non-breeding 
distribution (Liebers et al. 2001; Friesen et al. 2007). For example, natal dispersal, the movement of 
young birds between fledging and first breeding, and breeding dispersal, the movement of adults 
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between breeding seasons, affect gene flow and population structuring (Clark et al. 2004). Factors 
affecting dispersal are complicated but likely involve the behaviours of individuals and the conditions at 
each breeding site which affect prospecting young birds (Friesen et al. 2007). If the local environment is 
poor, failed breeders may move elsewhere and young prospecting birds may follow (Friesen et al. 2007). 
For sooty terns (Sterna fuscata), which have high natal philopatry, lack of mtDNA differentiation was 
attributed to pulses in gene flow caused by the abandonment and re-establishment of colonies and 
demographic fluctuations (Avise et al. 2000). McClellan (2008) found that black-billed gulls in Southland 
have high natal dispersal beyond catchments probably due to the highly unstable breeding habitat 
where natal colonies may not re-form over two consecutive seasons. The likelihood of natal dispersal 
decreased with distance but there was infrequent long-distance dispersal from Southland to Otago and 
Canterbury regions (McClellan 2008). Breeding dispersal out of catchments was also found, although 
this was not as far or as common as natal dispersal (McClellan 2008). Additional findings by McClellan 
(2008) included no evidence of group adherence as adults or chicks, the availability of a site used in the 
previous season did not result in the re-establishment of a colony at that site, and poor breeding success 
in one season did not cause abandonment of that site in the following season (McClellan 2008). The 
mtDNA results are in agreement with McClellan’s (2008) results because natal and breeding dispersal 
across catchments, lack of group adherence, and shifting colony locations would all result in gene flow. 
Seabirds cover vast distances to find food sources thereby increasing the chance of population 
mixing and hence gene flow and genetic structure (Avise et al. 2000). Contact between distant 
populations in non-breeding grounds may lead to individuals moving to a different breeding site; 
however, if populations have specific non-breeding sites or if they remain near breeding colonies, 
chances of an encounter with other populations are reduced (Friesen et al. 2007; Faria et al. 2010). For 
example, grey-headed albatrosses (Thalassarche chrysostoma) showed no genetic structure in mtDNA or 
nuclear DNA because they forage and disperse over large areas during the non-breeding season (Burg & 
Croxall 2001). Black-browed albatrosses (T. melanophris) formed three genetic groups because they use 
similar areas during the breeding and non-breeding season (Burg & Croxall 2001). Black-billed gulls 
reside only in New Zealand, and populations have a high probability of mixing, particularly during the 
non-breeding season, due to the small land area of New Zealand. The gulls are known to move to the 
coast during the winter, and roost in large flocks (Higgins & Davies 1996). This would support the lack of 
population structure seen when examining mtDNA markers. 
Sex-biased dispersal is not uncommon in birds and is thought to be female-biased due to males 
having territories and females moving around to select a male (Clarke et al. 1997; Kingma et al. 2017). 
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Mitochondrial DNA is maternally transmitted, and even a small number of females, such as two, moving 
to a new breeding site is sufficient to allow gene flow, counteract genetic drift, and homogenise genetic 
diversity (Birt-Friesen et al. 1992; Boutilier et al. 2014). Audouin’s gulls (Larus audouinii) show no sex-
biased dispersal (Oro et al. 1999), whereas western gulls (L. occidentalis) have significantly higher female 
than male dispersal (Spear et al. 1998). Red-billed gull males also appear to be more philopatric than 
females, but this is not statistically significant (Mills 1973). Studies of sex-biased dispersal in black-billed 
gulls have never been conducted; however, the lack of structure in mtDNA and the structure in nuclear 
DNA (described below) could potentially be indicative of female-biased dispersal at the broad spatial 
scale of the current study. 
 
Nuclear DNA – single nucleotide polymorphisms (SNPs) 
Single nucleotide polymorphisms (SNPs) are found throughout the genome, and—when genotyped in 
large numbers—reveal high resolution estimates of population structure and connectivity, such as was 
found by Rexer-Huber et al. (2017, under review) in white-chinned petrels (Procellaria aequinoctialis). 
The nuclear DNA analyses presented here show population structure with two clear clusters, Rotorua 
(Bay of Plenty region) as one group, and the remainder of the populations as another (Figs. 3.5, 3.7). 
Wairarapa (Wellington region) shows intermediate differentiation, but not enough to be clearly distinct 
(Fig. 3.5). Since Wairarapa lies between the South Island and Rotorua, this divergence supports the 
suspected northwards movement of black-billed gulls (Taylor 2000). The South Island has lower pairwise 
FST values than the North Island, indicative of genetic similarities between the South Island birds (Table 
3.3). Isolation by distance is evident in the South Island which does not form clear genetically distinct 
clusters (Figs. 3.5, 3.7). Overall, this pattern reveals that 1) there is lower connectivity between the 
North Island and the South Island, and also between the Rotorua and Wairarapa populations, than there 
is among the South Island populations, and 2) black-billed gulls are slightly philopatric throughout their 
range, with gene flow between nearby colonies. Black-billed gulls are therefore not panmictic across 
New Zealand, with gene flow primarily occurring in a stepwise system across the landscape. 
Available South Island banding data for black-billed gulls confirms both small and large-scale 
movements. There are records of birds being site faithful, while others are known to move between 
colonies and catchments subsequent to breeding (M. Bell, pers. comm.; pers. obs.). Young birds from 
the West Coast region have also been seen on the east coast (Canterbury region) during the winter (N. 
McArthur, pers. comm.). Birds from Marlborough have been confirmed to move to the Manawatu-
Wanganui and Wairarapa regions of the North Island (M. Bell, pers. comm.). One individual banded at 
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the Clarence River (northern Canterbury) moved to the Firth of Thames (Auckland/Waikato region, 
North Island) during the winter and returned to the Clarence in the summer (M. Bell, pers. comm.; pers. 
obs.). These banding results, as well as those described above from McClellan (2008), indicate mixing of 
colonies thereby supporting the minimal structure observed in the nuclear DNA of the South Island 
colonies, and inter-island movement. 
Black-billed gulls used to breed exclusively in the South Island (Higgins & Davies 1996). The first 
breeding record at Rotorua was in summer 1931/32, the only breeding place in the North Island at that 
time (Sibson 1942). This was followed by breeding records in Porangahau (southern Hawke’s Bay) in 
1944/45, Ngaruroro River (Hawke’s Bay) and Gisborne in 1953/54, and Firth of Thames 
(Auckland/Waikato) in 1968/69. Birds were first recorded at the Firth of Thames in August 1941, and 
would only remain for the winter (Sibson 1942). These birds were suspected to be from Rotorua but 
could have been South Island birds because shorebirds, such as the South Island pied oystercatcher 
(Haematopus finschi), wrybill (Anarhynchus frontalis), and pied stilt (Himantopus himantopus), spent the 
summer in the South Island and the winter at the Firth of Thames, and it is therefore possible that the 
gulls might have done the same (Sibson 1942).  
Available banding records from the North Island are sparse, and show minimal movement 
between North Island colonies (Department of Conservation Banding Office; J. Innes, pers. comm.). 
Banded birds from Rotorua have been seen at Bay of Plenty beaches (Maketu), Napier, and Taupo (G. 
Taylor, pers. comm.). There is also a record of two juvenile birds banded in Auckland moving south – one 
at Taupo which was known to return to Auckland, and the other at Gisborne in the non-breeding season 
(T. Habraken, pers. comm.). There are no records of Auckland birds breeding southwards but this could 
be due to a lack of resighting effort (T. Habraken, pers. comm.). Birds at Kaipara (southern Northland) 
are confirmed to be from South Auckland (T. Habraken, pers. comm.). Genetic analyses would need to 
be done on Auckland and Taupo colonies to determine detailed North Island structure. 
Due to the difference in effective population size for mtDNA versus nuclear DNA, mtDNA 
undergoes sorting and loses ancestral polymorphisms faster than nuclear DNA (de Mendonҫa Dantas et 
al. 2012; Toews & Brelsford 2012). Since black-billed gulls did not breed at Rotorua until the 1930s, the 
structure in the slower evolving nuclear DNA, but not in the faster evolving mtDNA, is likely due to 
founding events. SNP analyses are very sensitive to population size decreases, and Rotorua is one of the 
most recently founded sampled populations. The genetic structure of the Rotorua colony could also be 
due the hybridisation of red-billed and black-billed gulls seen in mtDNA analyses (introgression, 
discussed below) which could have also affected the nuclear DNA, most strongly in the Rotorua birds. 
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However, the full influence of red-billed gull genetics into the nuclear genome of black-billed gulls 
remains unclear and beyond the scope of this study. 
 
Introgression 
Since the nuclear DNA showed geographic population structure, whereas the mtDNA did not, we used 
cytochrome b sequencing to rule out the possibility that geographic structure was overlooked because 
we were detecting the presence of nuclear copies of mitochondrial control region (NUMTs; Zink & 
Barrowclough 2008). Although rare, unintentional sequencing of a nuclear copy of a mtDNA region is 
possible (Zink & Barrowclough 2008). Cytochrome b analyses (Appendix C, Fig. C.1) showed the same 
structure as the control region Bayesian tree (Fig. 3.2) thereby reducing the possibility of NUMTs. Also, 
there were no stop codons or shifts in reading frame in the cytochrome b, which are indicative of NUMT 
gene regions (Sorenson & Quinn 1998; Nacer & do Amaral 2017). Since sequences in the smaller of the 
two major clades in both the control region and cytochrome b aligned closely and were nearly identical 
to those of the red-billed gull, introgression is the most likely interpretation of the data. 
Introgression is the exchange of genetic material between two species through hybridisation 
(Chan & Levin 2005), and is often observed through mito-nuclear discordance (Toews & Brelsford 2012). 
Hybridisation occurs in at least 10% of the world’s bird species (Grant & Grant 1992; Abbott et al. 2013), 
and is particularly common in Larus gulls where 22 of 42 species are known to hybridise (Good et al. 
2000; Crochet et al. 2002). Gulls also do not appear to be affected by postzygotic barriers, such as 
reduced viability or reproductive capacity, perhaps due to low genetic differences between taxa (Good 
et al. 2000). The small effective population size of mtDNA makes it more susceptible to the fixation of 
foreign haplotypes than nuclear DNA; consequently, introgression can be seen in mtDNA without any 
admixture in nuclear DNA (Irwin et al. 2009). In a recent genomic study of mice in New Zealand, for 
example, mitochondrial capture between subspecies was observed to have independently occurred in 
multiple populations with no detectable nuclear introgression (Veale et al. 2018). 
The mechanisms behind introgression are complex, and many hypotheses have not been 
quantitatively tested (Bonnet et al. 2017). Hypotheses include drift in small populations, different levels 
of gene flow, selective sweeps, spatial expansion, negative selection against introgression into the 
nuclear genome, and sex-biases (Pons et al. 2014; Bonnet et al. 2017). Random drift in small populations 
with unidirectional backcrossing was used to explain the mito-nuclear discordance between Larus 
marinus and L. smithsonianus (Pons et al. 2014). Selective sweeps occur when an advantageous 
haplotype replaces other haplotypes, and this can result in the loss of information on population 
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structure and history (Zink & Barrowclough 2008). Nuclear DNA can retain information because it has 
multiple markers, and the sweep is not likely to occur across several unlinked markers (Zink & 
Barrowclough 2008). In a computer-simulated assessment of mito-nuclear introgression hypotheses by 
Bonnet et al. (2017), sex-bias and spatial expansions were the least supported, and selective sweep with 
low dispersal rates the most supported. Determining the precise mechanisms behind the introgression 
observed among the black-billed and red-billed gulls is beyond the scope of this study; however, we are 
now aware of its existence. 
When one species is more common in an area than another, the species present in the minority 
is unlikely to find a conspecific mate and may therefore hybridise with an individual of the other species 
(Grant & Grant 1992). Females assess numerous males before choosing a mate due to their greater 
investment in mating, and are likely to choose a heterospecific male in a situation where there are few 
conspecifics (Chan & Levin 2005). In the presence of unequal species abundance, low levels of migration 
can cause high rates of introgression (Chan & Levin 2005). Occasional long-distance dispersers from one 
species will readily cause introgression into the dominant resident species (Chan & Levin 2005). This is 
exacerbated as the F1 hybrid created by the rare disperser will be surrounded by the dominant resident 
species, favouring backcrossing of the disperser (Chan & Levin 2005). 
A situation of unequal species abundance leading to hybridisation was thought to have occurred 
at the Rotorua colony in 1964/65. Black-billed gulls were first confirmed to be breeding at Rotorua in 
1931/32 (Sibson 1942) whereas the first record of red-billed gulls breeding at that location was in 1939 
(Gurr 1967). In 1964/65, hybridisation was confirmed in 5 pairs – four male black-billed gulls with female 
red-billed gulls, and one female black-billed gull with a male red-billed gull (Gurr 1967). There was also a 
suspected hybrid individual which mated with a red-billed gull, and this pair reproduced successfully, 
indicating that the hybrids were fertile (Gurr 1967). It was argued that the season of 1964 was unusual 
because the black-billed gulls attempted to breed and were unsuccessful; consequently, there were 
numerous black-billed gulls present that were ready to breed without an available mate and these birds 
subsequently mated with red-billed gulls (Gurr 1967). 
In the South Island, mixed black-billed and red-billed gull colonies are not uncommon, 
particularly along the coast at river mouths (pers. obs.). Although red-billed gulls are assumed to be 
mostly coastal breeders, it is not unusual to see small numbers nesting amongst black-billed gull 
colonies on riverbeds hundreds of kilometers inland (pers. obs.). Discordance is not limited to where the 
taxa meet, and can be geographically extensive (Toews & Brelsford 2012). Thus, it is difficult to 
determine where the hybridisations found in our study may have occurred. 
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Rapid introgression of an advantageous trait can aid the survival of a species (Chan & Levin 
2005) and can play an important role in evolution (Irwin et al. 2009).  For example, a study on 
reproductive performance of hybrid and parental species of Larus occidentalis and L. glaucescens 
showed that pure hybrid or mixed pairs had equal or better reproductive success than pure parental 
pairs due to hybrid males having the best combined adaptive traits of both species (Good et al. 2000). 
For the black-billed gulls, it appears that for most of the individuals with discordant mitochondrial and 
nuclear DNA there has been minimal nuclear transfer from the red-billed gull, as they do not cluster 
away from the other individuals at nuclear loci. This phenomenon is known as mitochondrial capture, 
where mitochondria introgress between species, but nuclear DNA transfer is minimal or non-existent 
due to backcrossing (McGuire et al. 2007). This elimination of a nuclear signal of introgression can occur 
after only a few generations, and is surprisingly common (McGuire et al. 2007). 
 
Management recommendations 
A decision on whether the North Island populations should be managed as a separate unit from the 
South Island needs to be considered. The Rotorua population appears to be the least connected and 
therefore most divergent population. This comparative isolation means that it will be the least likely to 
be rescued by immigrants from other populations should it decline. However, the North Island holds 
only 1.6% of the total population, and the importance of these birds from a genetic perspective needs to 
be evaluated. For the South Island, sufficient movement between colonies and regions appears to be 
taking place to allow for gene flow although this is most likely to occur from nearby colonies. It is 
therefore not necessary to focus on the protection or intensive management of single specific colonies, 
but rather to manage these populations within a metapopulation context (Bouzat et al. 2009). Colonies 
are likely to experience different levels of productivity due to location and hence resource availability, 
leading to population turnover with local extinctions of colonies and colonization of new areas (Bouzat 
et al. 2009). Consequently, population growth and recruitment are affected by the level of migration 
and interconnectedness between colony locations (Bouzat et al. 2009). 
 
Conclusions 
This study has emphasized the importance of combining both direct observations, such as banding, and 
genetics to gain the best understanding of population structure. It is equally important to analyse both 
mtDNA and nuclear DNA as marker resolution can have an important influence on results and reveal 
different aspects of the ecology of these birds. For black-billed gulls, available banding data support the 
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lack of population structure shown by the mtDNA analyses. Nuclear DNA however showed some 
population structure, with Rotorua being a distinct cluster, and isolation by distance influencing South 
Island populations. Historical introgression among black-billed and red-billed gulls was found, supporting 
observations of hybridisations reported to have occurred at Rotorua in the 1960s. Hybridisation could 
play an important role in evolution of these species, and understanding that many black-billed gulls have 
red-billed gull derived mitochondria will be important for future genetic work. 
Future studies should focus on a more detailed analysis of the genetic structure of the North 
Island colonies (i.e. connections between Wairarapa, Rotorua, Taupo, and Auckland birds). This would 
involve sampling a larger number of North Island colonies (particularly Auckland) than what was done in 
our study, and identifying movements and gene flow among colonies along the northern edge of the 
gulls’ range. The mechanisms of the hybridisation between red-billed and black-billed gulls should be 
more closely studied, both genetically and with direct observations. This future research could also then 
examine what nuclear genes have introgressed from red-billed gulls into black-billed gulls, and 
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In this thesis, I provided an up-to-date national breeding population for the endemic black-billed gull, 
and examined the genetic structure of this species across New Zealand using both mitochondrial 
(mtDNA) and nuclear (single nucleotide polymorphisms, SNPs) markers. The aims of my study were to fill 
key knowledge gaps and provide important information about the population status as well as the 
genetic diversity of the black-billed gulls to inform management and conservation strategies. The 
national census not only provided a current population estimate, but it also showed the distribution and 
sizes of breeding colonies across the country. In this final chapter, I emphasize the application of this 
information, the lessons learned from the census, and suggestions for future count methodologies for 
black-billed gulls and other species. I outline the genetic structure across the country, show that 
different genetic markers can provide discordant results, and discuss the potential role of hybridisation. 
Finally, I highlight the knowledge gained from combining the breeding population and distribution data 
with genetic structure analyses. Management recommendations and areas where future research is 
needed are also discussed. 
 
National breeding population surveys – the past and the present 
One aim of Chapter 2 was to calculate a national breeding population estimate using data collected over 
three seasons, from 2014/15 to 2016/17, to account for annual variability in black-billed gull numbers. It 
is important to consider annual variability when conducting population surveys as some adults may not 
breed every year (Bradley et al. 2000; Öst et al. 2018), as is the case for the closely related red-billed gull 
(Larus novaehollandiae scopulinus; Frost & Taylor 2018). Also, seabird populations are affected by 
environmental variables, such as climate and fluctuations in food availability (Oro et al. 2004; Mallory et 
al. 2017; Öst et al. 2018); consequently, conducting surveys over several years provides a fuller 
understanding of the true population and any potential trends compared to only one count. Although 
data from the 2014/15 and 2015/16 seasons were patchy, an annual variability of breeding pairs within 
regions could be calculated (i.e. mean = 42.2%; range = 14.8 to 79.3%). This variability is important to 
consider when planning and conducting future surveys. 
Population surveys are conducted to determine the status of species, and the benefits from 
these surveys are invaluable. Survey methods used here for the black-billed gull can be applied to any 
bird species nesting in colonies in areas where aerial photographs can be taken, such as the red-billed 
gulls and white-fronted terns (Sterna striata) which nest along coastlines. Equally, the national census 
conducted in 2016/17 provides an up-to-date breeding population estimate which can be used by 
various agencies for a number of purposes. For example, on an international scale, organizations such as 
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the International Union for Conservation of Nature (IUCN) can use the data to adjust the Red List 
classification. Nationally, the Department of Conservation can use the information for assigning the 
appropriate New Zealand Threat Classification (NZTC; Townsend et al. 2008), and to develop national 
management strategies. Although the NZTC complements the IUCN Red List, the NZTC is more 
appropriate for an endemic species, such as the black-billed gull, because the IUCN criteria is too coarse 
and can exaggerate the status (Townsend et al. 2008). Using the census information, a best practice 
management plan can be established to provide monitoring and management guidance to non-
governmental agencies, such as river care groups, for conserving localized populations.  
The census data also provide regional councils with an understanding of the number of birds 
and colonies as well as the distribution in their region to decide where management and conservation 
action are needed. Environment Canterbury (ECan) are already heavily involved in braided river 
conservation, both for general river health as well as river birds specifically through the biodiversity and 
biosecurity programmes (see www.ecan.govt.nz). Since over 30% of the black-billed gull breeding 
population nests on the braided rivers in Canterbury, the steps taken by ECan are important in ensuring 
the continued well-being of the gulls and other braided river birds, such as the black-fronted tern 
(Chlidonias albostriatus). Hawke’s Bay Regional Council in the North Island also has been undertaking 
counts and management for the gulls nesting at the Tukituki River mouth, thereby simultaneously 
benefiting white-fronted terns and New Zealand dotterels (Charadrius obscurus; see www.hbrc.govt.nz; 
K. Hashiba, pers. comm.). The information gained from census data is therefore useful on regional, 
national, and international scales.  
One of the most noteworthy outcomes of the national census was the overall number of 
breeding birds recorded. Since the black-billed gulls have a New Zealand threat status of ‘Threatened, 
Nationally Critical’ (Robertson et al. 2013; Robertson et al. 2017) and an IUCN status of ‘Endangered’ 
(BirdLife International 2016) based on large and rapid population declines, I had hypothesized that the 
number of breeding birds would be much lower than the 48,000 pairs that had been counted in the 
1996-98 census (Powlesland 1998). However, there were approximately 60,000 pairs during 2016/17 
thereby suggesting that the declines are not as severe as initially thought, and that the overall 
population is likely declining slightly or stabilizing. One of the biggest lessons learned here is that 
population projections may not remain constant over time, and need to be re-evaluated regularly, at 
least on a 10-year basis. A survey of the population status of kelp gulls (Larus dominicanus) in South 
America, for example, showed variable trends in populations, and did not support the northwards 
expansion that had been suspected (Yorio et al. 2016). Conservation of black-billed gulls will require 
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adaptive management where changes in monitoring and projections lead to changes in conservation 
strategies (McLain & Lee 1996; Bakker & Doak 2008). As knowledge increases, conservation and 
management challenges undergo changes, and decisions need to be updated to reflect these challenges 
(McLain & Lee 1996; Bakker & Doak 2008). 
Another unanticipated outcome of the census was the lack of consistency in methodologies 
used in previous surveys. Although the entire Canterbury region was surveyed during 2014/15, 
individual birds were counted as opposed to nests (McClellan 2015). Consequently, these data were not 
comparable to the counts conducted in 2015/16 and 2016/17. Similarly, the second aim of Chapter 2 
had been to compare the 2014-16 results to those from 1995-98, but methods for the 1995-98 census 
were not clearly recorded or described (Powlesland 1998). Surprisingly, historical numbers in the 
Southland region from the early 1970s to the early 2000s used to evaluate the threat status for black-
billed gulls were transformed by using a ratio of individual gulls per nest and nest density (McClellan 
2008; Robertson et al. 2013). These calculations likely over-estimated the actual population due to 
inaccuracies from the presence of non-breeding birds, movements of birds to and from the colony 
during the day, and variations in nest density depending on the location of the colony. This has 
important implications for management decisions since declines may not be as severe as originally 
predicted. Puetz et al. (2003) found a similar situation in historical counts of rockhopper penguins 
(Eudyptes chrysocome) where counts in the 1930s had been unintentionally over-estimated by 
extrapolations of the colony area, and Wienecke et al. (2009) found discrepancies in the timing of data 
collection as well as count methods and units thereby leading to a poor understanding of trends in 
southern giant petrel (Macronectes giganteus) populations. 
 
National breeding population surveys – the future 
Aerial surveys can be quick, efficient, and cost effective (see Chapter 2). They have been, and are 
continued to be, used across the globe for gull surveys (Dolbeer et al. 1997; Johnson & Krohn 2001; 
Mallory et al. 2009). The number of visits, synchronicity, breeding frequency, observer bias, and nest 
detectability are the key sources of error in surveys that need to be considered (Barbraud & Gelinaud 
2005). To minimize error, the following key recommendations for future black-billed gull breeding 
population surveys are made: 
 
1) conduct ground surveys at the start of the breeding season to locate colonies and ensure aerial 
surveys are undertaken when the nesting stage is between mid-incubation and hatching; 
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2) when taking photographs from the aircraft, ensure that the photographer zooms in as much as 
possible to be able to clearly see nests in a high-quality image; 
3) identify colonies of ≤1,000 nests from photographs and attempt to count as many of those 
colonies as possible on the ground to determine a correction factor to apply to the aerial 
photograph count; 
4) conduct ground counts as soon after the flights as possible, preferably within 5 days; 
5) use the same observers to count all photographs to avoid bias and to be able to use the 
correction factor; 
6) aim to repeat the same surveys over at least 2 seasons to account for annual variability. 
 
By using these recommendations, which are based on lessons learned from conducting counts over 
several seasons as well as from completing the most comprehensive black-billed gull census so far, any 
future surveys should ensure consistency and accuracy in counts, thereby allowing comparisons 
between years and analyses of trends. 
 
Genetic structure and dispersal 
Using mtDNA and nuclear (SNPs) markers and range-wide sampling to examine the genetic diversity of 
the black-billed gull population, discordant results between the two marker types were found. The 
mtDNA showed no geographic structure, suggesting gene flow and connectivity throughout New 
Zealand. The Bayesian tree and haplotype network did show two major clades, with the sequences of 
the birds in the smaller clade aligning closely with a published sequence of the red-billed gull, and birds 
in the large clade aligning closely with a published sequence of the black-billed gull. Hybridisation with 
red-billed gulls had been recorded in the 1960s (Gurr 1967), and the result from the mtDNA analyses 
support introgression (discussed in more detail below).  
The slow evolving biparentally inherited nuclear DNA markers showed discordant results to the 
mtDNA. Analyses revealed two groups; the Rotorua colony in the North Island as a distinct cluster and 
the remaining colonies as another. There was isolation by distance in the South Island, but this was not 
strong enough to create separate genetic groups. However, isolation by distance was expected based on 
the limited banding studies that have shown dispersal between catchments and regions by both adults 
and juveniles (McClellan 2008; M. Bell, pers. comm.; pers. obs.). The nuclear marker analysis suggested 
that there is lower connectivity between the North Island and the South Island, and between the 
Rotorua and Wairarapa populations than there is among the South Island populations. Also, gene flow 
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appears to primarily be occurring between nearby colonies, with an overall gene flow following a 
stepwise pattern across New Zealand. Since black-billed gulls did not breed at Rotorua until the 1930s 
(Sibson 1942), the structure in the slower evolving nuclear DNA, but not in the faster evolving mtDNA, is 
likely due to founding events.  
An important lesson learned from Chapter 3 is that one genetic marker does not always show 
the same results as another due to marker specific differences. For example, mtDNA is maternally 
transmitted, haploid, has an effective population size ¼ of that of nuclear DNA, generally does not 
undergo recombination, is fast evolving and sensitive to processes such as genetic drift (Austin et al. 
1994). Nuclear DNA markers on the other hand do recombine, are biparentally inherited, and are slow 
evolving (de Mendonҫa Dantas et al. 2012). It is therefore not uncommon to see mito-nuclear 
discordance, and this can be indicative of processes such as introgression (i.e. hybridisation; Toews & 
Brelsford 2012). Despite this discordance, some authors have suggested that for phylogeographical 
studies, mtDNA markers are sufficient without the need to add nuclear DNA markers (Pavlova et al. 
2003; Zink & Barrowclough 2008); however, due to the complexity and high variability associated with 
genetic markers when examining population-level differences, using both markers provides broader 
insight than using only one (Friesen et al. 2007; Milá et al. 2011; Toews & Brelsford 2012). Additionally, 
SNPs are very informative markers for population structure analyses by segregating strongly between 
populations (Helyar et al. 2011). The high resolution of the genome-wide approach provided by SNPs 
can provide insight at a much finer scale than mtDNA markers. This was seen in a study on white-
chinned petrels (Procellaria aequinoctialis) where SNPs analyses showed population structure between 
islands and oceans whereas mtDNA did not (Rexer-Huber et al. 2017, in review). 
 
Hybridisation 
One of the most insightful results from the mtDNA analyses was the hybridisation of black-billed gulls 
with red-billed gulls (Chapter 3). Introgression is the exchange of genetic material between two species 
through hybridisation (Chan & Levin 2005), where hybridisation is the breeding of individuals from two 
distinct taxa (Taylor et al. 2012; Brown et al. 2015). Although the breeding of black-billed and red-billed 
gull pairs had been confirmed at Rotorua in 1964/65 (Gurr 1967), the full extent of hybridisation 
elsewhere was unknown. The members of the family Laridae in general have diverged relatively 
recently, and contact between similar species is common, thereby increasing the potential for 
hybridisation (Taylor & Friesen 2012). Hybridisation was thought to be rare and without evolutionary 
benefit or progression, but has been found to be widespread (Chan & Levin 2005; Bonnet et al. 2017). 
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Species have previously been thought of as genetically distinct and isolated from other species; 
however, taxonomic, demographic, and historical inference methods have been challenged because of 
the complexity caused by the mixture of genes between taxa, thereby also affecting evolutionary 
histories (Chan & Levin 2005; Bonnet et al. 2017).  
In an evolutionary sense, hybridisation can be helpful or destructive (Taylor & Friesen 2012). 
Improved genetic data continue to highlight that biodiversity does not solely consist of species as 
individual discrete units but rather that hybridisation and its associated gene transfer is ongoing (Mallet 
2005). Although interspecific breeding can often be deleterious, introgression can add genetic variation 
and adaptive combinations to the genome thereby contributing to diversification (Mallet 2005). 
Hybridisation and differential introgression can be beneficial by creating novel combinations (Mallet 
2005). This leads to the questioning of the meanings of phylogeny, evolutionary history, and species, 
and emphasizes that definitions are subjective and may need to be viewed from a large-scale 
perspective, which includes embracing the role that hybridisation and introgression play in evolution 
(Chan & Levin 2005). This becomes a challenging thought process when framing conservation policy 
(Mallet 2005). 
Overall, hybridisation and introgression provide new challenges to address and learn how 
natural selection and demographics interact in the natural world (Toews & Brelsford 2012). For example, 
Toews & Brelsford (2012) suggest quantifying the importance of introgression in providing genetic 
variation for evolution, and understanding the connection between genotype and phenotype in 
populations and individuals that have undergone introgression. For black-billed gulls in New Zealand, 
the present genetic analyses (Chapter 3) have shed new light on key questions that need to be asked 
when creating management and conservation plans. Genetics are the building blocks for the ecological 
viability of populations, and it is important to maintain as much genetic diversity as possible to allow a 
species to evolve in the face of short and long-term environmental change (Goldstein et al. 2000; Fraser 
& Bernatchez 2001; Moritz 2002; Allendorf et al. 2010; Funk et al. 2012). By maintaining genetic 
variation, a species is able to undergo evolutionary processes without constraint, and preserving 
adaptive divergence and genetic variation become important conservation goals (Fraser & Bernatchez 
2001). For black-billed gulls, key questions include determining the extent and range of hybridisation, if 
it is helpful or harmful for evolution, and how the mixed red-billed gull and black-billed gull colonies and 
individuals will be treated from a conservation strategy point of view. Additionally, the decline of red-
billed gulls due to changes in food supply from shifts in oceanic conditions (Frost & Taylor 2018) will add 
increased complexity as management of one species will likely influence the other. 
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Population size and distribution linked with genetics 
The status of a population is determined by its size combined with historical trends, and this status is 
ultimately used in shaping conservation actions (Palsbøll et al. 2007). Population size and status can also 
be specified as genetic units (Waples & Gaggiotti 2006; Boessenkool et al. 2009). Using changes in 
historical population sizes, present-day population sizes, demographics, and genetics to determine a 
management approach would involve integrating a variety of scales and disciplines thereby providing 
new and alternative insights. For example, demographic data and detailed analyses of banding 
information within a region combined with the genetic structure of populations within that region 
would allow a comparison of age, survival, productivity, movements, and genetic variability 
simultaneously (Avise 1995; Taylor & Dizon 1996; Mura-Jornet et al. 2018). In the absence of 
demographic and banding data, as was the case here with black-billed gulls, it is possible to use the 
genetic data to determine evolutionarily significant management units (ESUs; Fraser & Bernatchez 2001) 
by overlapping these units with breeding numbers and abundance (Boessenkool et al. 2009; Rexer-
Huber et al. 2017, in review). Population size can therefore be split and re-evaluated based on 
genetically defined units or areas. Genetic diversity and its conservation is very important for both long- 
and short-term survival of a species (Frankham 2005); consequently, diversity within ESUs is affected 
and maintained by the population size within each unit. 
The adaptive evolutionary conservation (AEC) approach (see Chapter 3) integrates the benefits 
of ESU concepts while allowing flexibility in regards to the best means of maintaining adaptive genetic 
variance within species, as well as considering divergence and historical isolation (Fraser & Bernatchez 
2001). Management units (MUs) outline entities for conservation actions, but the challenge lies within 
assigning a threshold amount of genetic divergence that constitutes individual MUs (Palsbøll et al. 
2007). For yellow-eyed penguins (Megadyptes antipodes), for example, two MUs were recommended – 
one for the sub-Antarctic populations that have high genetic diversity, and one for the South Island 
populations that are genetically separate and have much lower genetic diversity and are therefore more 
strongly impacted by threats, such as disease (Boessenkool et al. 2009). 
For black-billed gulls in New Zealand, we now know that Rotorua separates into a genetic cluster 
that is different from the rest of the sampled colonies, that movement between the South and North 
Island populations are limited, and that there is isolation by distance amongst the South Island 
populations. It would therefore seem logical to treat the North and South Islands as separate MUs; 
however, the North Island only holds 1.6% of the overall population (Mischler 2018). Additional 
questions that need to be considered concern the extent and range of hybridisation with red-billed gulls, 
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and whether the process of introgression is helpful or destructive to the endemic black-billed gulls. Due 
to the complexity associated with hybridisation, AEC seems particularly applicable to black-billed gulls 
because it will allow the flexibility of change if the effects of introgression are studied and more clearly 
understood. 
Regardless of the conservation unit chosen, genetics together with population size plays an 
important role in the creation of a management plan as each unit and the population within it will be its 
own entity and can also be monitored separately. As mentioned above, data on demographics would be 
important as these factors also influence population numbers and can help link threats to trends. If the 
protection of genetically pure populations is a conservation goal, molecular markers can be used to 
identify and confirm hybrid individuals, and the population size data provides an insight into the number 
of individuals involved (Taylor & Friesen 2012). Additionally, black-billed gulls only inhabited the South 
Island until a northwards expansion in the 1930s (Sibson 1942), but the factors behind the northwards 
expansion of black-billed gulls remain unclear. The range of a species can expand or change for a 
number of reasons, such as alterations in habitat or food supplies or climate change (Taylor & Friesen 
2012). Shifts in range by the black-billed gulls may increase hybridisation rates, and evolutionary and 
conservation implications are therefore unknown (Taylor & Friesen 2012). 
The effective population size (Ne) represents the number of individuals that contribute genetic 
diversity to future generations (Kalinowski & Waples 2002). In the face of a changing environment, high 
genetic diversity is important for long-term survival, and conservation strategies therefore need to 
ensure that populations are able to retain this diversity (Boessenkool et al. 2009; Dussex & Robertson 
2018). Ne can also be used to provide insight into historical populations (Kalinowski & Waples 2002). 
Changes in historical population sizes, such as due to bottlenecks or founder events, would have 
affected the demographic structure in the past, and would also have influenced present day dynamics 
(Boessenkool et al. 2010; de Almeida Santos et al. 2016). Exploring historical population structure would 
be particularly relevant for black-billed gulls since historical counts are difficult to access or estimates 
are questionable (as described in Chapter 2). Estimating Ne for black-billed gulls is beyond the scope of 
this study; however, since this species is currently listed as ‘Threatened, Nationally Critical’ (Robertson 
et al. 2017), calculating Ne would provide insight into both the historical population size and trends over 
time as well as the vulnerability of the black-billed gull population to the threat of extinction. 
In conclusion, important new information on black-billed gulls has been learned from the 
completion of this thesis. An up-to-date national breeding population has been determined, and this has 
provided the much needed insight into the status of the population. This allows the appropriate 
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reassessment of threat rankings, and has highlighted the distribution of colonies across the country. The 
genetic analyses have confirmed dispersal of individuals between catchments, with movements 
primarily to nearby colonies. This ultimately results in an isolation by distance population structure. 
Mixing between populations of North and South Islands occurs, but not as frequently as between South 
Island populations. The Rotorua colony is genetically distinct, and introgression from hybridisation with 
red-billed gulls has also been confirmed. This information combined can provide invaluable insight 




Management recommendations and suggested research priorities 
Management recommendations, in no particular order include: 
• The population census should be repeated in 5-10 years (2021-2026) to determine true 
population trends. Due to the challenges associated with historical data (as described in Chapter 
2), it would be highly beneficial to conduct another survey using the methods outlined and 
suggested in Chapter 2. If a full large-scale census is not possible (due to financial or time 
constraints), the primary focus should be on counting all breeding birds within the Southland 
and Canterbury regions as these contain the vast majority of the population (56% and 34%, 
respectively). 
• A decision on whether the North Island populations should be managed as a separate unit from 
the South Island needs to be considered. Rotorua was shown to be genetically different from 
the rest of the sampled colonies, and movement between the North and South Island 
populations is limited. However, the North Island holds only 1.6% of the total population, and 
the importance of these birds from a genetic perspective needs to be evaluated. 
• Due to the dispersal of individuals between catchments of the South Island, there does not 
appear to be a clear need to focus management on single or specific colonies within the South 
Island. Isolation by distance suggests that the black-billed gulls move to nearby colonies thereby 
resulting in a stepwise pattern of dispersal across the landscape. For management, it is 
important to ensure the presence of several stable colonies within each region to maintain 
dispersal and gene flow. 
 
Suggested research priorities, in no particular order include: 
• Demographic data, such as adult and juvenile survival, pair bonds, frequency of breeding, 
general productivity to understand demographic dynamics. 
• Detailed analyses of movement and dispersal, with GPS technology or banding, during the non-
breeding season to identify problem areas away from breeding sites. 
• Studies of red-billed gull genetics to compare to black-billed gull genetics and to determine the 
extent and impact of hybridisation. 
• Genetic studies of North Island colonies, particularly Auckland, to gain a detailed understanding 
of dispersal between North Island populations as well as to determine the population structure 
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Fig. B.1a. Pairwise genetic distances (calculated from 597-base pairs of mitochondrial control region domain I) between all 69 
black-billed gull individuals sampled from across New Zealand. Matrix has been divided into four sections due to large size. 
Individuals shown are sampled from Ashburton, Ahuriri, Clifden, Oreti, and Taramakau compared to each other. Standard error 
























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Fig. B.1b. Pairwise genetic distances (calculated from 597-base pairs of mitochondrial control region domain I) between all 69 
black-billed gull individuals sampled from across New Zealand. Matrix has been divided into four sections due to large size. 
Individuals shown are sampled from Ashburton, Ahuriri, Clifden, Oreti, and Taramakau compared to Mataura, Wairarapa, 
























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Fig. B.1c. Pairwise genetic distances (calculated from 597-base pairs of mitochondrial control region domain I) between all 69 
black-billed gull individuals sampled from across New Zealand. Matrix has been divided into four sections due to large size. 
Individuals shown are sampled from Mataura, Wairarapa, Rotorua, Wairau, and Hurunui compared to Ashburton, Ahuriri, 











































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Fig. B.1d. Pairwise genetic distances (calculated from 597-base pairs of mitochondrial control region domain I) between all 69 
black-billed gull individuals sampled from across New Zealand. Matrix has been divided into four sections due to large size. 
Individuals shown are sampled from Mataura, Wairarapa, Rotorua, Wairau, and Hurunui compared to each other. Standard 












































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Fig. B.2a. Pairwise genetic distances (calculated from 597-base pairs of mitochondrial control region domain I) between the 58 
black-billed gull individuals from the larger of the two main clades shown in Fig. 3.2 to reduce any potential bias caused by 
hybridisation with red-billed gulls. Individuals were sampled from across New Zealand. Matrix has been divided into four 
sections due to large size. Individuals shown are sampled from Ashburton, Ahuriri, Clifden, Oreti, and Taramakau compared to 
































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Fig. B.2b. Pairwise genetic distances (calculated from 597-base pairs of mitochondrial control region domain I) between the 58 
black-billed gull individuals from the larger of the two main clades shown in Fig. 3.2 to reduce any potential bias caused by 
hybridisation with red-billed gulls. Individuals were sampled from across New Zealand. Matrix has been divided into four 
sections due to large size. Individuals shown are sampled from Ashburton, Ahuriri, Clifden, Oreti, and Taramakau compared to 

























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Fig. B.2c. Pairwise genetic distances (calculated from 597-base pairs of mitochondrial control region domain I) between the 58 
black-billed gull individuals from the larger of the two main clades shown in Fig. 3.2 to reduce any potential bias caused by 
hybridisation with red-billed gulls. Individuals were sampled from across New Zealand. Matrix has been divided into four 
sections due to large size. Individuals shown are sampled from Mataura, Wairarapa, Rotorua, Wairau, and Hurunui compared to 

















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Fig. B.2d. Pairwise genetic distances (calculated from 597-base pairs of mitochondrial control region domain I) between the 58 
black-billed gull individuals from the larger of the two main clades shown in Fig. 3.2 to reduce any potential bias caused by 
hybridisation with red-billed gulls. Individuals were sampled from across New Zealand. Matrix has been divided into four 
sections due to large size. Individuals shown are sampled from Mataura, Wairarapa, Rotorua, Wairau, and Hurunui compared to 



















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Fig. C.1. Neighbour-joining tree of mitochondrial cytochrome b using a small selection of black-billed gulls sampled from across 
New Zealand. Posterior probabilities are shown above the branches. 
